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1
1   INTRODUCTION 
 
 
The aryl hydrocarbon receptor (AhR) is a ligand activated transcription factor and a 
member of the basic helix-loop-helix (bHLH) superfamily. It was identified as an 
intracellular mediator for aromatic xenobiotics like dioxins and polychlorinated 
biphenyls (PCB). Upon ligand binding to the cytosolic AhR it transforms into its active 
form by nuclear translocation and binding to its heterodimerization partner aryl 
hydrocarbon nuclear translocator (ARNT). The AhR/ARNT complex binds to xenobiotic 
responsive elements (XRE) inducing transcription of genes called AhR gene battery. 
These genes are involved in numerous cellular functions. 
The current study is a part of a scientific project investigating xenobiotic environmental 
contaminants such as (dioxins and PCB) as endocrine disruptors. The AhR mediates 
the toxic effects of polychlorinated hydrocarbons, leading – among others –  to 
reproductive disorders, reduced fertility, embryo loss and teratogenicity. Little 
information is still available on the physiology of the AhR, its expression in female 
reproductive organs, its relevance for pregnancy and the relationship between the AhR 
and ovarian steroid hormones. Present study was carried out in the rabbit as a well-
characterized animal model to elucidate localization and the possible function(s) of the 
AhR during the preimplantation period of pregnancy.  
 
 
 
 
Review 
 
2
  
2.   REVIEW 
 
 
2.1  Identification of the aryl hydrocarbon receptor (AhR) 
The AhR is a ligand-activated transcription factor that controls expression of several 
genes [HAHN, 1998]. It was first identified in 1976 by using radioligand [3H] TCDD 
(2,3,7.8-tetrachlorodibenzo-p-dioxin) which bound specifically and with high affinity to a 
cytosolic hepatic protein from C57BL/6 mice [POLAND et al., 1976]. Analysis of the amino 
acid sequence revealed that the AhR belonged to a new family within the helix-loop-helix 
(HLH) superfamily of proteins, [BURBACH et al., 1992; EMA et al., 1992] whose other 
members include the AhR nuclear translocator protein or ARNT, the Drosophila proteins 
SIM (single minded) and PER (period) (Fig. 1)  as well as the hypoxia-inducible factor 1 
alpha (HIF-1α) [BURBACH et al., 1992; WANG et al., 1995; REYES et al., 1992; HUANG 
et al., 1993].  
These proteins share not only the HLH domain, but also a region of approximately 300 
amino acids termed the PAS (PER, ARNT, SIM) homology domain containing two copies 
of an approximately 50-amino acid degenerate repeat, referred to as the PAS A and PAS 
B repeats [NAMBU et al., 1991]. Studies have indicated that the PAS domain of the AhR 
is important not only for the formation of AhR/ARNT heterodimer, but also for the binding 
of AhR ligands and interaction with hsp90 [BURBACH et al., 1992; DOLWICK et al., 1993; 
WHEITLAW et al., 1993; POLAND et al., 1994; REISZ-PORZASZ et al., 1994]. Many of 
the HLH proteins (including AhR) contain an adjacent region of basic amino acids (bHLH).  
This bHLH domain is required for both protein dimerization and DNA binding 
[LITTLEWOOD et al., 1994]. The AhR is a highly polymorphic receptor. Different AhR high 
affinity alleles in C57 and C3H/He mice strains were found, they are Ahrb-1 (95 KDa) and 
Ahrb-2 (104 KDa), respectively, [POLAND et al., 1987]. A third high affinity allele, Ahrb-3  
(105 KDa) was found in several wild mice strains [POLAND and Glover, 1990] and a low 
affinity allele was found in TCDD low responsive mice strain (DBA) encoding a 104 KDa 
receptor protein  named Ahrd [OKEY et al., 1989].  
Although the mechanism of action of TCDD (classical ligand of Ah receptor) in many 
respects resembles that of steroid hormones, the amino acid sequence of the Ah receptor 
indicates that it is not a member of the steroid hormone receptor superfamily [BURBACH 
et al., 1992; EMA et al., 1992]. 
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Fig. 1: Schematic presentation for the basic helix-loop-helix ( HLH) superfamily. 
 
 
2.2  AhR tissue and species distribution 
The AhR has been identified in many vertebrate and invertebrate species. Regarding 
vertebrates, it was characterized in many mammalian species like human, mouse, 
hamster, guinea pig [DENISON and WILKINSON, 1985; BANK et al., 1992; DOLWICK et 
al., 1993], monkey [GASIEWICZ and RUCCI, 1984], rabbit [TAKAHASHI et al., 1996] and 
in non-mammalian species, such as the chicken [DENISON et al., 1986; WALKER et al., 
1997], and rainbow trout (bony fish) [HAHN et al., 1992]. In invertebrates it has been 
identified in the nematode [HAHN et al., 1997]. 
The AhR is expressed in various mammalian tissues with highest levels of RNA or protein 
consistently found in the lung [CARVER et al., 1994]. It is also expressed in liver, thymus, 
kidney, spleen, placenta [LI et al., 1994], human uterus [KÜCHENHOFF et al., 1999], 
rabbit uterus [TSCHEUDSCHILSUREN et al., 1999; HASAN and FISHER, 2001], mouse 
urinary tract [Bryant et al., 1997] and male rat reproductive tract [ROMAN et al., 1998]. 
 
 
2.3  AhR  cytosolic complex 
The unliganded AhR resides in the cytosol and has a half life of about eight hours 
[HANNAH et al., 1981; DENISON et al., 1986; GUDAS et al., 1986; POLLENZ et al., 
1994; SWANSON and PERDEW, 1993]. Velocity sedimentation analysis of the cytosolic 
AhR complex in mouse hepatic cells and mouse hepatoma cells gives a 9-10.5S 
specifically bound peak with an apparent molecular mass varying from 270-310 KDa 
[DENISON et al., 1986; PROKIPACK et al., 1988]. 
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The 9S cytosolic form of the AhR is maintained in an unliganded repressed state by 
interaction with a heat shock protein (hsp 90 dimer) and another protein of approximately 
43 KDa [CHEN and PERDEW, 1994; PERDEW, 1992] or 38 KDa which is referred to as 
the AhR-interacting protein (AIP) [MEYER et al., 1998; MA and WHITLOCK, 1997]. In 
addition, a co-chaperone protein P23 has been reported to bind to the hsp90 in 
association to the AhR complex and represents a modulator for ligand responsiveness in 
the 9S latent cytoplasmic form [KAZLAUSKAS et al., 1999]. Moreover, a 60 KDa protein 
tyrosine kinase (PP60src) coexists with the AhR as part of the cytosolic multimeric protein 
complex. This protein kinase was found to increase protein phosphorylation upon ligand 
binding to AhR [BLANKENSHIP and MATSUMMURA, 1997]. 
The 9S cytosolic non transformed form  binds weakly to DNA; however, both temperature 
and salt convert it into a transformed 6S form (about 170-220 KDa) which binds DNA with 
high affinity. The 6S form which is found in both the cytoplasm and nucleus has been 
characterized as a heterodimer containing the Ah receptor and the aryl hydrocarbon 
receptor nuclear translocator (ARNT) proteins [ELFERINK et al., 1990]. Photoaffinity 
labeling [POLAND and GLOVER, 1987; PROKIPCAK and OKEY, 1990] and 
immunoblotting [POLAND et al., 1991] indicate that the molecular mass of the ligand 
binding subunit is approximately 95 KDa in cytosol or nuclear extracts from C57BL/6 mice 
or mouse hepa-1 cells. This is in agreement with the mass of about 90 KDa deduced from 
cDNA cloning of the mouse ligand binding subunit [EMA et al., 1992; BURBACH et al., 
1992]. 
There is considerable heterogeneity in the molecular mass of the AhR molecule among 
various mammals. By gel electrophoresis, molecular masses have been reported ranging 
from 95 KDa in C57BL/6 mice [POLAND and GLOVER, 1987] and rabbit 
[TSCHEUDSCHILSUREN et al., 1999b; HASAN and FISCHER, 2001], to 106 KDa in 
human endometrium [KÜCHENHOFF et al., 1999b] and 124 KDa in hamsters [POLAND 
and GLOVER, 1987]. 
The Ah locus, which encodes the AhR, is found on mouse chromosome 12 and human 
chromosome 7 [EMA et al., 1992]. 
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Fig. 2: The functional domains of the AhR molecule. 
 
 
2.4  AhR ligands 
The AhR binds several different structural classes of chemicals, not; but, including 
halogenated aromatic hydrocarbons (HAH) such as dioxins (high affinity ligand 2,3,7,8-
tetrachlorodibenzo-p-dioxin), and polychlorinated biphenyls (PCBs) [SAFE, 1995]. The 
classical ligands that bind with highest affinity to the cytosolic AhR have certain 
physicochemical properties in common: They are hydrophobic, planar (coplanar in case of 
high affinity PCBs), lipophilic, stable [SAFE, 1990]. 
Dioxins and PCBs are widely distributed in the environment. PCBs were components of 
different chemical products such as surfactants, detergents, antioxidants, plasticizers, 
food packaging, petrol additives, paints, herbicides, and pesticides. The release of these 
compounds into the environment led to contamination of water, soil and herbage and due 
to its stability and lipophilicity, PCBs are part of the food chain and persist in animal and 
human bodies [FISCHER, 2000]. 
The high affinity and toxic potency of TCDD is due to the number and position of chlorine 
substitutions on the dibenzo-p-dioxin molecule. The chlorinated dibenzo-p-dioxin 
congeners with decreased lateral (2,3,7 and 8) or increased non-lateral chlorine 
substitutions are less potent than TCDD. PCB congeners with zero or one ortho chlorine, 
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two para chlorines, and at least two meta chlorines are coplanar and sterically similar to 
TCDD and produce similar toxic effects. In contrast, PCB congeners with two or more 
ortho chlorines are non coplanar and do not resemble TCDD in toxicity [POLAND and 
KNUTSON, 1982; SAFE, 1990]. 
Although numerous xenobiotics and naturally occurring biological compounds are known 
to react with AhR, it remains an orphan receptor, because a strictly physiological ligand is 
still unknown [ADACHI et al., 2001]. The AhR was found to be activated in the absence of 
added exogenous ligands suggesting the presence of an endogenous AhR ligand(s) 
[SADEK and ALLEN-HOFFMAN,  1994; MA and WHITLOCK, 1996; WEISS et al., 1996]. 
Some naturally occurring compounds were found to activate the AhR such as indole-3-
carbinol from cruciform vegetables [GILLNER et al., 1985]. Tryptophan can be converted 
by ultraviolet light [HELFERICH and DENISON, 1991] or by gastrointestinal bacteria into 
products that can bind to the AhR [PERDEW and BABBS, 1992]. Tryptamine (TA) and 
indole acetic acid (IAA) which are tryptophan metabolites were also shown to be AhR 
agonists and although these compounds are relatively weak ligands in comparison to 
TCDD, they represent some of the firstly described endogenous hydrophilic AhR agonists 
[HEATH-PAGLIUSO et al., 1998]. 
The heme degradation products bilirubin (BR) and biliverdin (BV) were found to be weak 
ligands for AhR [PHELAN et al., 1998]. The same relates to prostaglandins [SEIDEL et al., 
2001]. Recently, indirubin and indigo were described [ADACHI et al., 2001] as two potent 
AhR ligands. They were extracted from human urine and foetal bovine serum (FBS). 
These ligands were found to be as potent as TCDD or even stronger [ADACHI et al., 
2001]. 
 
 
2.5   Transcription factor AhR  
2.5.1 Nuclear translocation 
After ligand binding, the receptor undergoes a transformation process whereby it 
translocates to the nucleus, sheds hsp90 and p43, and forms a dimer with ARNT  
[HOFFMAN et al., 1991; REYES et al., 1992; WHITELAW et al., 1993]. The time course 
for AhR transformation to a DNA binding form is similar to the time course for [3H]-TCDD 
binding to the cytosolic AhR  revealing that AhR transformation is a rapid process 
occurring shortly after or concomitantly with ligand binding [DENISON et al., 1991]. 
Some evidences minimize the importance of ARNT in the process of AhR translocation.  
ARNT-deficient Hepa-1 mutants were found to exhibit ligand-stimulated AhR cytosol to 
nucleus translocation. [WILHELMSSON et al., 1990]. 
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2.5.2 DNA binding 
The ultimate site of action of the AhR is at specific regions of DNA known as Ah-
responsive elements (also known as dioxin responsive elements, dioxin responsive 
enhancers: DREs or xenobiotic responsive elements: XREs) [OKEY et al., 1994]. A 
consensus sequence for the XRE has been identified (5`-TnGGTG-3`) and this sequence 
is highly conserved in a variety of mammalian species [HINES et al., 1988]. Mutational 
analysis studies indicate that a 4-base sequence (5`-CGTG-3`) is required for binding of 
the nuclear heterodimer [WHITLOCK et al., 1993]. Binding of AhR/ARNT complex to 
XREs leads to changes in the chromatin structure allowing activation of AhR controlled 
genes (Ah-gene-battery) [SWANSON and BRADFIELD, 1993; OKEY et al., 1994; 
WHITLOCK, 1999; NEBERT et al., 2000]. 
Hydrodynamic characterization of the DNA-formed AhR led to the discovery of ARNT. The 
AhR recovered from nuclei of mouse hepatoma cells exposed in culture to TCDD had a 
molecular mass of about 175 KDa and, thus, did not correspond in size to the 95 KDa 
monomeric ligand-binding subunit from the cytosol. A protein of about 87 KDa, called Ah 
receptor nuclear translocator (ARNT) [see 2.10], was cloned and found to be a component 
of the nuclear form of the Ah receptor [PROKIPACK et al., 1988; HOFFMAN et al., 1991; 
REYES et al., 1992]. 
 
2.5.3 AhR regulated genes (AhR gene battery) 
The AhR regulates the expression of several genes that encode drug-metabolizing 
enzymes, so-called phase Ι (including CYP1A1, CYP1A2 and CYP1B1) and phase ΙΙ 
enzymes (including NQO1, UGT1A1 and GSTYa) [NEBERT et al., 2000]. CYP1A1 
(cytochrome monooxygenase P450 1A1) is a common biomarker which is found and 
expressed at low levels in many tissues (such as liver, skin, kidney, lung) which 
metabolize a large number of xenobiotics to cytotoxic and /or mutagenic derivatives 
[DENISON and WHITLOCK, 1995]. It belonges to the AhR gene battery, i.e. to genes 
whose induction is mediated by the aryl hydrocarbon receptor through a cascade of 
events known as the AhR signaling pathway [NEBERTet al., 2000]. It was found after 
treatment with AhR ligand (TCDD) that the AhR/ARNT complex rapidly accumulates in the 
nucleus, and this is accompanied by the sequential induction of CYP1A1 in RNA levels, 
followed by immunoreactive protein and induction of CYP1A1-dependent enzyme activity 
[TURKEY et al., 1982; HARRIS et al., 1990a; ZACHAREWSKI et al., 1989; PENDURITHI 
et al., 1993]. Analysis of the 5`-flanking region derived from the CYP1A1 gene has 
identified several XREs, which are required for Ah receptor-mediated gene transcription 
[GONZALEZ and NEBERT, 1985; NEUHOLD, 1989; SOGAWA et al., 1986; FUJISAWA-
SEHARA et al., 1988]. On the other hand, decreased CYP1A1 gene expression is 
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paralleled by decreased formation of the liganded nuclear Ah receptor complex 
[MERCHANTI et al., 1992]. CYP1A2 catalyzes the oxidation of aromatic amines and 17β-
estradiol (E2) and may also be important in 4-hydroxylation of tamoxifen [KUPFER et al., 
1994] It is expressed primarily in the liver. In most cancer cell lines, the gene is not 
expressed [IKEYA et al., 1989; FAGAN et al., 1986; SILVER and KRAUTER, 1988]. 
CYP1A2 expression was not detected in AhR knockout mice, indicating a direct role of the 
AhR in constitutive CYP1A2 activity [FERNANDEZSALGUERO et al., 1995].  Deletion 
analysis of the human CYP1A2 gene identified several DNA sequences that bind various 
transcription factors and DRE core sequence [QUATTROCHI and TURKEY, 1989]. The 
CYP1B1 gene is one of the newer members of the CYP family, which is highly inducible 
by TCDD in human tissues [SAVAS et al., 1994; SUTTER et al., 1994; SHEN et al., 1994]. 
This enzyme is expressed in several cell lines and in adrenal, ovarian and testicular 
tissues. It catalyzes 7.12-dimethylbenz[a]anthracene hydroxylase activities [POTTENGER 
and JEFACOAT, 1990; POTTENGER et al., 1991; CHRISTOU et al., 1993; SHEN et al., 
1993]. GSTYA (Glutathion S-Transferase Ya) catalyzes the conjugation of xenobiotics 
with glutathione [PARKINSON, 1996] and is inducible by TCDD and related compounds 
[AOKI et al., 1992; RUSHMORE and PICKETT, 1993; PIMENTAL et al., 1993]. Analysis 
of the 5`-flanking region of the GSTYa gene identified a XRE sequence that binds the Ah 
receptor complex [PIMENTAL et al., 1993]. 
NQO, (NAD(P)H: Quinone oxidoreductase) is a flavoprotein that catalyze the reduction of 
azo-and nitro-containing xenobiotics and is known to be inducible by AhR agonists 
[PARKINSON, 1996]. Both DREs and antioxidant-responsive enhancers (AREs) have 
been identified in the NQO1 gene [BAYNEY et al., 1989]. UGT1A1 (UDP-
Glucuronosyltransferase) which is a TCDD inducible gene transforms a large number of 
hydrophobic endo-and xenobiotics into water soluble products. Its 5` upstream region 
presents a DRE-like motif [MÜNZEL et al., 1994].  
ALDH-3 (Aldehyde-3-dehydrogenase) catalyzes the oxidation of aldehydes to carboxylic 
acids. It is inducible by TCDD and related compounds [PARKINSON, 1996; TAKIMOTO et 
al., 1992; HEMPEL et al., 1989]. The 5`-flanking sequence of ALDH-3 contains a 
functional XRE that confers AhR dependent TCDD inducibility [TAKIMOTO et al., 1994]. 
Expression of several other genes increases following TCDD exposure,  including C-fos 
and jun protooncogens in mouse Hepa-1 cells [PUGA et al., 1992], TGF-α in human 
keratinocytes [GAIDOI et al., 1992], and plasminogen activator inhibitor-2 (PAI-2) and 
interleukin-1B in human keratinocytes [SUTTER et al., 1991]. The exact mechanisms 
through which the AhR activates these genes needs still to be elucidated. 
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Fig. 3   Schematic illustration for AhR transformation and signal transduction pathway 
[BOCK, 1993].  
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  2.6   Aryl hydrocarbon nuclear translocator (ARNT) 
The ARNT gene product is a bHLH protein that exhibits structural domain homology with 
the Drosophila Per and Sim and AhR proteins. Investigations proved that the ARNT 
protein plays an important role in the heterodimerization and DNA binding processes of 
the transformed AhR [HOFFMAN et al., 1991; REYES et al., 1992; WHITELAW et al., 
1993; REISZ-PROSZAZ et al., 1994]. The ARNT gene was first cloned and sequenced in 
the human [HOFFMAN et al., 1991], followed by identification of ARNT in mouse [LI et al., 
1994] and rabbit [TAKAHASHI et al., 1996]. ARNT is expressed in cell lines, embryos and 
mature individuals. In adult tissues, ARNT has a calculated molecular weight about 87 
KDa [rabbit liver; TAKAHASHI et al., 1996].  
The ARNT protein was named for its suggested role in the nuclear translocation of the 
liganded AhR [ELFERINK et al., 1990]. However, despite its name, ARNT does not 
appear to be directly involved in AhR translocation into the nucleus [POLLENZ et al., 
1994]. In murine Hepa-1C1C7 cells, ARNT was always nuclear and its expression was not 
affected by TCDD treatment [POLLENZ, 1996; POLLENZ et al., 1994]. ARNT is 
considered a general partner factor. It is involved in other signal transduction pathways 
such as cellular response to hypoxia where it heterodimerizes with HIF-1α. It was 
therefore named HIF-1β. Heterodimerization leads to the induction of several genes like 
erythropoetin, glycolytic enzyme aldolase A, phosphoglycerate kinase 1, and pyruvate 
kinase M [WANG et al., 1995; WANG and SEMENZA, 1995; SEMENZA et al., 1994]. It 
can also heterodimerize with Sim and binds to specific DNA sequences in vitro 
[SWANSON et al., 1995]. 
ARNT plays a vital role in a multitude of cell types and tissues. ARNT knockout mice 
showed as severe abnormality an insufficient vascularization of the embryonic placenta 
[KOZAK et al., 1997] and embryonic death occurred due to defective angiogenesis 
[MALTEPE et al., 1997]. AhR deficiency causes subtle complications in comparison with 
ARNT deficiency which is lethal [WILSON and SAFE, 1998]. 
In developing mouse embryos, ARNT is expressed in a variety of organs with maximal 
expression in the heart, adrenal gland and liver. Its cellular localization ranged from 
nuclear in the heart, liver to nuclear and cytoplasmic in the submandibular gland, 
ectoderm, tongue, bone and muscle to exclusively cytoplasmic in the adrenal cortex 
[ABBOTT and PROBST, 1995]. In the urinary tract of TCDD-treated and untreated mouse 
embryos, ARNT expression was nuclear and cytoplasmic in the epithelium of the ureter 
and tubules [BRYANT et al., 1997]. In the heart of TCDD-treated chick embryo, 
immunoreactive ARNT was primarily nuclear but exhibited some cytoplasmic staining 
[WALKER et al., 1997]. In human embryonic palatal tissues cultured and treated with 
TCDD, ARNT was predominantely nuclear [ABBOTT et al., 1998].  
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Fig. 4 Diagram presenting the molecular structures of the heterodimerization partners 
AhR and ARNT  
  
 
2.7  AhR and phosphorylation 
Recent studies pointed to the critical role of phosphorylation in the process of AhR 
transformation. MAHON and GASIEWICZ [1995] stated that both AhR and ARNT are 
phosphoproteins, and a 60 KDa protein tyrosine kinase was immunoprecipitated with the 
AhR cytosolic complex extracted from mouse liver cells [BLANKINSHIP and 
MATSUMURA, 1997]. The AhR agonist TCDD was found to affect protein kinase activity 
by causing a rapid two-fold increase in protein phosphorylation in an extranuclear fraction 
of adipose tissue in vitro, and an increased protein kinase C activity in a cytosolic extract 
of liver [EBNER et al., 1993; ENAN and MATSUMURA, 1994]. On the other hand, CHEN 
and TURKEY (1996) said that AhR could be activated through an alternative pathway 
involving protein kinase C phosphorylation in the absence of ligand binding. VAZIRI et al. 
[1996] could modulate AhR expression by serum through a process dependent on 
tyrosine kinase activity and independent of dioxin. 
 
 
2.8  AhR and ovarian steroids 
Although AhR is not a member of the steroid hormone receptor superfamily, not; its cross- 
talk with steroid hormone receptors is not uncommon [BURBACH et al., 1992; EMA et al., 
1992; WORMKE et al., 2000]. AhR agonists (like TCDD) exhibit antiestrogenic activity in 
different animals and cell lines. In mice and rats, it counteracts the estrogenic effects on 
uterine hypertrophy, peroxidase activity and estrogen, progesterone and epidermal growth 
factor receptor binding activity [ASTROFF and SAFE, 1988; ROMKES and SAFE et al., 
1988] and the estradiol dependent proliferation in human ishikawa endometrial cancer 
cells and ECC-1 cell line [CASTOR-RIVERA et al., 1999; WORMEKE et al., 2000]. In 
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addition, AhR has been shown to decrease the estrogen receptor in mouse hepatic and 
human breast cancer cells [LIN et al., 1991; SAFE et al., 1991]. 
The mechanism behind the antiestrogenic actions of AhR agonists remain unclear. It is 
thought to be a competitive mechanism for a common mediator [KHARAT and 
SAATCIOGLU, 1996; KLINGE et al., 1999]. Also it was found that neither TCCD can bind 
to the ER nor estradiol bind to the AhR [ASTROFF and SAFE et al., 1988, 1990]. 
However, this indirect relation was medically useful in tumor treatment by identifying AhR 
agonists which exhibit low toxicity and relatively high antiestrogenic and antitumorigenic 
activities. An example could be 6-MCDF which inhibited rat mammary tumor growth 
[McDOUGAL et al., 1997; CHEN et al., 1998]. 
It is well known that estradiol-17β stimulates epithelial proliferation in the mouse uterus 
and vagina in vivo. It plays a critical role in normal epithelial morphogenesis, 
cytodifferentiation and secretion in these organs [GALAND et al., 1971]. E2-induced 
mitogenesis is mediated indirectly by stromal ERα in mouse female reproductive organs 
[COOK et al., 1998] or through induction of autocrine growth factors as in leiomyoma cells 
[BARBARISI et al., 2001]. 
  
 
 
2.9   AhR and reproduction 
Many xenobiotic AhR ligands cause adverse reproductive effects and the receptor gained 
a bad notoriety through its role as a mediator for these chemicals [POLAND and 
KNUTSON, 1982; SAFE, 1994]. AhR deficient mice showed a decrease in litter size after 
3-4 pregnancies [FERNANDEZ-SALGUERO et al., 1997] and a high abortion rate 
[ABBOTT et al., 1999]. Mouse blastocysts cultured with AhR antisense RNA showed a 
reduction in blastocyst formation [PETERS and WILEY, 1995]. PCB exposure reduced 
fertilization rate and embryo development in mice [KHOLKUTE et al., 1994a,b], increased 
embryo mortality in rabbits [Seiler et al., 1994] and impaired cell proliferation and early 
development in rabbit embryos [LINDENAU and FISCHER, 1996; KÜCHENHOFF et al., 
1999a]. The AhR is expressed in the embryoblast cells after degeneration of the Rauber 
trophoblast cell layer in the rabbit blastocysts and at the implantation site in both the 
embryo and the placenta. The AhR is highly expressed in decidual stromal cells in the 
rabbit uterus [TSCHEUDSCHILSUREN et al., 1999b]. The AhR plays a role in 
teratogenesis contributing to  cleft palate [ABBOTT et al., 1994a,b; ABBOTT and 
PROBST, 1995] and hydronephrosis in mice [ABBOTT et al., 1987]. It was found that 
epithelial proliferation is the cause of these anomalies [ABBOTT et al., 1987, 1998]. The 
liganded AhR alters the epithelial function by disrupting normal E2 induced stromal activity 
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in the mouse uterus [BUCHANAN et al., 2000]. The AhR agonist TCDD caused vaginal 
clefting and clefted clitoris in the progeny of Holtzman rats after  exposure during 
pregnancy [GRAY and OSTBY, 1995; FLAWS et al., 1997]. Ligand-dependent activation 
of the AhR has been linked to decreased proliferation in mammary, uterine, and liver cell 
lines and enhanced terminal differentiation in skin cells [HUSHKA and GREENLEE, 1995; 
SAFE et al., 1991; OSBORNE and GREENLEE, 1985]. 
In C57B1/6J (AhR+/+) mice, the mammary gland development was found to be AhR 
dependent. The unoccupied receptor is supposed to support the proliferative stages 
required for full lobule development. In the AhR knockout mice, the mammary gland 
displayed a severe, stunted development. The application of a AhR ligand (TCDD) to mice 
(AhR+/+) mammary glands in organ culture was found to suppress the lobule development 
[HUSHKA et al., 1998]. 
In male rats, exposure of TCDD during adulthood resulted in decreased testis, seminal 
vesicle, and ventral prostate weights, altered testicular and epididymal morphology, 
increased incidence of epididymal granulomas, and decreased fertility. Severe decreased  
plasma androgen concentration and impaired leydig cell luteinizing hormone 
responsiveness was also found [MOORE et al., 1985, RUNE et al., 1991; KLEEMAN et 
al., 1990; JOHNSON et al., 1992,1994]. 
In the human endometrium, the AhR was localized in glandular epithelial cells with the 
highest expression in the periovulatory period [KÜCHENHOFF et al., 1999b]. 
The AhR agonist TCDD promoted tumors in the liver of female rats but not in male or 
ovariectomized female rats. Moreover, it caused a loss of plasma membrane EGF 
receptor in the liver of intact but not of ovariectomized rats indicating a role for ovarian 
hormones and perhaps the EGF receptor in TCDD promotion of tumors in the rat liver 
[HANKINSON, 1995]. 
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2.10  Rabbit female genital tract 
The female genital tract of the rabbit is specific as it displays a true uterus duplex ( 
consists of two uteri with two cervices) and  one vagina (Fig. 5). The vagina is divided into 
the cranial vagina proper and caudal  vestibule close to the external urethral orifice. The 
vagina proper is a muscular tube lined by stratified squamous epithelium which is formed 
of two or three layers, while the vestibule is lined by stratified squamous epithelium which 
present intraepithelial glands and contain vestibular glands, venous plexuses and are 
covered with tunica adventitia.  
 The ovary contains a mass of interstitial cells (called interstitial gland) which are 
aggregations in the form of cords in the vicinity of the ovarian follicles. These cells are 
epithelioid theca interna cells derived from atretic antral follicles. In the rabbit, they show 
an abundance of steroid-synthesizing organelles. Therefore, in the rabbit, a high number 
of ovarian stromal cells are modified into hormone secreting cells.  
The rabbit has no spontaneous estrus cycle. The ovulation is induced by sexual 
stimulation during copulation. Ovulation occurs about 10 hours post coitus (p.c.). Under 
the effect of the ovarian hormones (estrogen, progesterone) the progestational changes of 
the endometrium begin such as luminal epithelial proliferation, branching (arborization) of 
the endometrium due to epithelial and stromal proliferation, development of the uterine 
glands and production of uterine secretions, and symplasm formation in the epithelium.  
The rabbit embryos reach the uterus after day 3 p.c. Rabbit blastocysts increase in size by 
more than 40 times until the time of implantation at day 7 p.c. After day 7, placental 
formation occurs being a placenta discoidea (placenta haemoendothelialis) [BEIER and 
KÜHNEL, 1973; DENKER, 1977; MUNSEL, 1980]. 
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Fig. 5 Schematic illustration of the rabbit female genital tract. 
 
 
Materials and methods 
 
16
 
3  MATERIALS AND METHODS 
 
 
3.1  Biological reagents 
• Albumin (BSA)    Sigma-Steinheim-Germany. 
 
• High range protein  Promega-Madison-USA.  
 molecular weight marker 
• Human Chorionic Gonadotropin  Schering-Berlin-Germany. 
 (HCG) Primogonyl-1000) 
 
• Monoclonal (Mouse) Anti AhR  Dianova-Hamburg-Germany. 
 Nuclear Translocator (ARNT)  
 Antibody (MA1-515) 
  
• Normal goat serum  Dianova-Hamburg-Germany. 
• Normal rabbit serum  Dianova-Hamburg-Germany. 
 
• Peroxidase-conjugated Affinipure   Dianova-Hamburg-Germany. 
 F (ab)2 Fragment Goat  
 anti-mouse IgG (H+L) 
• Polyclonal (mouse) Anti-Ah (Dioxin)   Dianova-Hamburg-Germany. 
 Receptor Antibody 
• Proteinase-K  Boehringer-Mannheim-Germany. 
 
 
 
3.2   Chemicals 
• Acetic acid (Glacial)  Merck-Darmstadt-Germany. 
• Acrylamide  Serva-Heidelberg-Germany. 
• Ammonium Persulfate  Roth-Karlsruhe--Germany. 
• APES (3-Triethoxysilyl-propylamin)  Merck-Hohenbrunn-Germany. 
 
• Bio-Rad Protein Assay  Bio-Rad-München-Germany. 
• Bromphenol blue  Fluka Chemie AG-Buchs-Switzerland 
• Dodecylsulfate Na-salt (SDS)   Serva-Heidelberg-Germany. 
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• ECL   Amersham-England. 
 (western blotting detection reagents)  
• Entellan  Merck-Darmstadt-Germany. 
• Ethanol 96%  Merck-Darmstadt-Germany. 
 
• Formaldehyde solution min.37%  Merck-Darmstadt-Germany. 
 
• Glycerol  Serva-Heidelberg-Germany. 
 
• Haematoxylin  Fluka AG- Buchs SG-Switzerland. 
• Hybond -N+  Amersham-Freiburg-Germany. 
• Hydrogen peroxide 30% (H2O2)  Merck-Hohenbrunn-Germany. 
• Hyperfilm-ECL   Amersham-Sweden. 
 
• Immunopure metal enhanced DAB  Pierce-Rockford-Illinois-USA. 
 Substrate Kit  
 
• Mercaptoethanol  Serva-Heidelberg-Germany. 
• Methanol  Fisher Scientific-Loughborough-UK. 
 
• Paraffin (Medim-Plast58)  Medim Histotechnologie-Giessen-
Germany. 
• PBS Dulbecco (Ca2+, Mg2+)   Biochrom K6- Berlin-Germany. 
 (Phosphate buffer) 
• Pentobarbital  Sigma-Sant.louis-USA. 
• Picric acid cryst. extra pure   Merck-Darmstadt-Germany. 
• Ponceau-stain  Sigma-Santt.louis-USA. 
• 2-Propanol  Roth-Karlsruhe-Germany. 
 
• Stable peroxide substrate   Pierce-Rockford-Illinois-USA. 
 buffer (1X) 
• Sucrose  Serva-Heidelberg-Germany. 
 
• Tetramethylendiamin  Serva-Heidelberg-Germany. 
•   Tetramethylendiamin (TEMED)  Serva-Heidelberg-Germany.  
• TRIS   Serva-Heidelberg-Germany. 
 (Tris (hydroxymethyl) aminomethane) 
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• Tween 20  Sigma-Steinheim-Germany. 
 
• Xylol  Roth-Karlsruhe-Germany. . 
 
 
 
3.3     Equipments 
• Centrifuge Biofuge 28RS 13  Heraeus-Henau-Germany. 
• Homogenizer  Ultra-Turrax- type: TP 18/10-Nr:    
 15918-Janke & Kunkel KG IKA-Werk-
Staufen-Germany. 
• Histoautomat (Citadel)  Shandon GmbH-Frankfurt/Main 
Germany. 
• Hot plate  Medax Nagel GmbH-Kiel-Germany. 
 
• Microscope (AH-3)  Olympus-Hamburg-Germany. 
• Microscope (CH-2)  Olympus-Hamburg-Germany. 
 
• PAP pen  Immunotech-Marseille-France 
• Paraffin-Ausblockstation   Medim-Giessen-Germany. 
 
• Rotatory microtome  Medim-Giessen-Germany. 
 
• UV/VIS Spectrometer  Perkin Elmer-Weiterstadt-Germany. 
 
• Water bath incubator   Heraeus-Hanau- Germany. 
 
 
 
3.4  Animals (housing and care) 
Sexually mature virgin female Zika-hybrid rabbits (Oryctolagus cuniculus) [FISCHER & 
SCHUMACHER, 1991] of about 3.5-4.5kg body weight were used. The rabbits were 
purchased from a production farm (Krieg, Niederwünsch) and housed in air-conditioned 
rooms in solitary cages with 12/12 hours light and darkness daily cycle. They received dry 
rabbit food (pellets) and water ad libitum. The experiments were started after a three 
weeks resting period. Uteri from juvenile female rabbits (45 days old) were fixed and 
cordially received from Schering company, Berlin.  
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3.5  Animals pretreatment 
Adult females were mated twice with fertile males and injected with 75 i.u. hCG in the 
vena auricularis lateralis to ensure ovulation. The day 0 of pregnancy is the day of mating. 
The pseudopregnant rabbits received only 75 i.u. hCG i.v. and day 0 of pseudopregnancy 
was the day of hCG injection. The non-pregnant rabbits were neither mated nor injected 
with hCG. 
The adult rabbits were divided into 6 groups according to the day of pregnancy and 
pseudopregnancy (Table 1). 
The juvenile rabbits were divided into 4 groups for treatment. The route of administration 
was a subcutaneous injection (s/c) in the lateral aspect of the neck. The treatment 
continued for 10 days. The first period was 4 days and the second was additional 6 days. 
The rabbits were euthanized at the 11th day. The number of each group and its treatment 
are given in Table 2. One additional juvenile rabbit was used as a control without 
treatment. In total 15 juvenile rabbits were used for this study.  
The numbers of rabbits used for ARNT- IHC are given in Table 3. 
 
 
Table 1   Groups of adult rabbits used for AhR immunohistochemistry and number of       
animals used  for each reproductive organ. 
 
Physiological state Uterus Ovary Oviduct Vagina 
Non-pregnant 
Pregnant day 3 
Pregnant day 4 
Pregnant day 6 
11 
8 
10 
15 
6 
6 
6 
6 
6 
6 
6 
6 
2 
-- 
-- 
6 
Pseudopregnant  day 3  
Pseudopregnant  day 6 
3 
3 
3 
3 
3 
3 
-- 
-- 
Total 50 30 30 8 
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Table 2 Groups of juvenile rabbits used for AhR immunohistochemistry and treatment 
of each group.  
Animal group Number From day 0 - day 4 From day 5 - day 10 
First group 3 
5µg /kg/day estradiol in 
resinous oil 
resinous oil (0,5ml) 
Second group 4 
5µg /kg/day estradiol in 
resinous oil 
0.3mg /kg/day progesterone 
in resinous oil 
Third group 3 
5µg /kg/day estradiol in 
resinous oil 
1.0mg /kg/day progesterone 
Fourth group 4 1.0mg /kg/day progesterone resinous oil (0,5ml) 
 
 
Table 3   Groups of rabbits used for ARNT immunohistochemistry study. 
 Organ Physiological state 
Number of 
rabbits used 
Uterus 
- Non-pregnant 
- Pregnant day 3 
- Pregnant day 4 
- Pregnant day 6 
3 
2 
2 
3 
Ovary 
- Non-pregnant 
- Pregnant day 3 
- Pregnant day 4 
- Pregnant day 6 
3 
3 
1 
3 
Oviduct 
- Non-pregnant 
- Pregnant day 3 
- Pregnant day 4 
- Pregnant day 6 
3 
3 
2 
2 
Vagina 
- Non-pregnant 
- Pregnant day 6 
1 
2 
Uteri of juvenile rabbits 
- Control 
-  Estradiol (E2) treated 
- E2 + 0.3mg progesterone 
- E2 + 1.0mg progesterone 
- 1.0mg progesterone treated 
1 
3 
1 
2 
4 
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3.6  Sampling 
The rabbits were narcotized with 50mg/kg pentobarbital in 5ml physiological saline 
through i.v. injection and bleeded by opening the carotid arteries. The abdominal cavity 
was opened and the genital tract was exposed for material collection. Materials from 
ovaries, oviducts, uteri and vaginae were fixed in Bouin's solution (see below) for 
immunohistochemistry and samples from uteri of non-pregnant and pregnant day 6 adult 
rabbits and estrogen, estrogen and progesterone treated juvenile rabbits were frozen in 
liquid nitrogen and stored at – 80ºC for western blot analysis. 
In mated rabbits, pregnancy was confirmed by the presence of embryos in the oviductal 
and/or uterine flushings. 
Bouin's solution: 
For preparation of 100ml fixative fluid. 
• Saturated aqueous picric acid solution  75ml 
• 37% formaldehyde 25ml 
 5ml of glacial acetic acid should be added to the preparation just before use.    
 
 
3.7  Western blot analysis 
3.7.1    Protein preparation 
Uterine specimens were minced in liquid nitrogen and about 100mg material was 
homogenized and lysed in 0.5ml SDS lysis buffer (62.5 mM tris/HCL pH 6.8; 10% 
sucrose; 2% SDS) by Ultraturrax homogenizer. The homogenized proteins were heated in 
a 90ºC heated water bath for 5 min and then cooled on ice. The extracted proteins were 
centrifuged at 14000rpm for 20 min at 4ºC and the supernatant was taken to evaluate the 
protein concentration in each microlitre fluid (µg/µl) by using the Biorad-Protein-Assay and 
measurment in a photometer at 595nm wave length [BRADFORD, 1976]. The extracts 
were divided into aliquots of about 30µg protein and stored at – 80ºC until use. 
 
3.7.2  SDS-PAGE (Polyacrylamid Gel electrophoresis)    
The polyacrylamid gel was prepared in two concentrations: 8% resolving gel and 5% 
stacking gel (see below). Then the protein probes were mixed 1:1 with the loading buffer 
(see below), denaturated for 5min in a 90ºC heated water bath and loaded on the gel. 
Proteins separation occured at 150 volt for 1 hour in a vertical slab gel apparatus. The 
molecular weight of the separated bands was evaluated by a high range protein molecular 
weight marker. 
The protein bands were transferred onto nitrocellulose membrane by using a gel-blotter at 
200mA, 16ºC for 45 min. The protein bands were visualized by 0.1% Ponceau stain to 
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judge the efficiency of the blots and copied to determine the position of the marker bands. 
The membrane was washed thoroughly with distilled water.    
 
3.7.3  Immunoblotting 
The membrane (blot) was incubated with 5% dried skim milk in PBST overnight at 4ºC to 
block unspecific staining. Then the primary antibody, polyclonal mouse anti-AhR, was 
applied at 1:1000 in 3% BSA (w/v) (without Na-azide) in PBST and gently shaked for 1 
hour at room temperature. Then the blot washed 2x5 min and 3x15 min with PBST and 
incubated with the secondary antibody, polyclonal goat anti-mouse diluted 1:10000 in 3% 
(w/v) BSA in PBST at room temperature with gentle shaking for another 1 hour, followed 
by 2x5 min and 3x15 min washes in PBST and 1x5 min wash in PBS. Specific 
immunostaining was visualized with an enhanced chemiluminescence kit and exposed to 
X-ray film to obtain a permanent picture for the identification of band(s) (Fig. 8). One lane 
of the blot was incubated with 3% BSA without the primary antibody and used as control. 
 
 
• Composition of the resolving and stacking gels: 
 
A. Resolving gel 8% ml B. Stacking gel 5%  ml 
H2O (sterile dist.) 4.6 H2O  3.40 
30% acrylamide mix 2.7 30% acrylamide mix 0.83 
1.5M Tris (pH 8.8) 2.5 1.0M Tris (pH 6.8) 0.63 
10% SDS (sodium dodecylsulphate) 0.1 10% SDS  0.05 
10% APS (ammunium persulfate) 0.1 10% APS  0.05 
TEMED 0.006 TEMED 0.005 
 
 
• Composition of the loading buffer: 
 
- 10% glycerol 
- 2% SDS; 125mM –mercaptoethanol 
- 62.5m M Tris/HCL pH 6.8 
- 0.1% bromphenolblue 
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Fig. 6 Diagram showing the visualization of the immunodetected protein band by 
using of hyperfilm ECL. 
 
 
 
3.8  Immunohistochemistry (IHC) 
3.8.1  AhR  
Tissue were fixed in Bouin's solution for 18 hours and then processed in an ascending 
dilution of alcohol and xylol, impregnated with melted paraffin and embedded in paraffin in 
blocks for sectioning. With a rotatory microtome 5µm sections were obtained and adhered 
to glass slides by 3-(triethoxysil)-propylamin. Tissue sections were dewaxed in xylol and 
rehydrated by descending dilutions of ethyl alcohol.  
 
3.8.2   ARNT 
ARNT-IHC sections were pretreated with 45µg/ml proteinase K in 3% fresh BSA at 37ºC 
for 10min. Then the sections were surrounded with wax at the margins by PAP pen (wax 
pen) to avoid the lose of the sections. 
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The adopted immunohistochemical method for both AhR and ARNT is an indirect method 
by using peroxidase enzyme activity (Fig. 7). The endogenous peroxidases were blocked 
by incubation of the sections in 3% (v/v) H2O2 in methanol at room temperature for 25 min. 
Unspecific reactions were blocked by two types of sera: the first, rabbit serum 20% (v/v) in 
PBST (phosphate buffered solution with Tween20) was applied for 25 min followed by 
three times washing with 5 min. Subsequently, the sections were treated with normal goat 
serum, 10% (v/v) in PBST, for 25 min. Then the primary antibody was applied at dilutions 
of 1:500 (polyclonal mouse anti-AhR) against AhR and 1:250 (monoclonal mouse anti-
ARNT) against ARNT in 3% BSA (without Na-azide) in PBST at 4ºC overnight. Sections 
were carefully washed three times with PBST for 15min and incubated with the secondary 
antibody, a peroxidase conjugated polyclonal goat anti-mouse antibody at a dilution of 
1:250 in 3% BSA in PBST for 1 hour. After three times of washing with PBST for 15min, 
immunostaining was visualized by 10% (v/v) 3,3-diaminobezidine (chromogen substrate) 
in stable hydrogen peroxide. When the peroxidase enzyme splits the stable hydrogen 
peroxide, the release of nascent oxygen oxidizes the colorless DAB into a dark brown 
precipitant at the site of the immunoreaction. The visualization process needed 2 min. 
Afterwards the background was stained light blue with haematoxylin for 5 sec.. Finally, the 
sections were covered in entellan and examined under Nomarski interference contrast 
microscopy with an AH-3 microscope. 
 
3.8.3  Controls 
Negative controls omitting the primary antibody were included in each experiment and 
were always blank. 
 
 
 
 
Peroxidase + H2o2 +DAB 
1st Antibody
2nd Antibody 
AhRAh
P 
 
 
 
 
 
 
 
 
Fig. 7 The indirect method using peroxidase enzyme activity. 
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3.9    Preabsorption control 
 
As a confirmatory procedure, the specificity of the polyclonal mouse anti-AhR antibody 
was examined. It was incubated for 8 hours at 4ºC with AhR pure antigen 10% and 50% 
(v/v) (i.e. 1µl Ab + 9µl Ag and 1µl Ab + 1µl Ag in PBST, respectively), and the mixture was 
used as primary antibody with an AhR positive non-pregnant specimen in the 
immunohistochemical analysis as described before. The complete absorption of the AhR 
antibody by the AhR antigen was found by 10% Ab revealing specificity of the antibody 
(Fig. 9). 
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4 RESULTS 
 
 
4.1 Western blot analysis  
Analysis of 30µg extracted proteins from uterine tissues of non-pregnant and pregnant 
day 6 adult rabbits and estradiol and estradiol primed, progesterone treated juvenile 
rabbits with the polyclonal anti-AhR antibody revealed a protein band in the expected 
molecular weight of 95 KDa in all groups (Fig. 8). In the estradiol primed progesterone 
treated juvenile rabbit, a minor additional band of about 89 KDa was visible, most likely an 
AhR degradation product. 
 
 
95  
NP    Pd 6   E       Pr    C 
KDa 
 
Fig. 8 Western blot analysis for AhR from (from left to right) nonpregnant (NP), 
pregnant day 6 (Pd 6), estradiol (E) and estradiol primed progesterone (Pr) 
treated rabbits identified a single 95 KDa band. C is control without first 
antibody. The X-ray film has been computer-scanned for presentation. 
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4.2  Preabsorption control  
The incubation of the AhR antibody with AhR pure antigen resulted in a complete 
inhibition of the used AhR antibody to bind to the AhR antigen in the uterine luminal 
epithelium when used  at the rate of 1Ab:9Ag.  At the rate of 1Ab:1Ag the blocking was 
partial. In the control section incubated only with the AhR antibody, the immunoreaction 
was strong (Fig. 9). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9  Incubation of   AhR antibody with AhR pure antigen revealed partial blocking of the 
antibody action (a) at 1Ab:1Ag rate and complete blockage at 1Ab: 9Ag (b). Without 
antibody preabsorption the immunoreaction was strong (c). Bars 20 µm 
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4.3   Immunohistochemistry 
4.3.1 Expression of AhR in the adult uterus 
The uterus was examined in the following states: non-pregnant, pregnant and 
pseudopregnant. A summary of the over-all results is given in Table 4 and Fig. 10. 
In the non-pregnant rabbits, from 11 uteri examined, 9 uteri were immunopositive. The 
AhR was localized in the cytoplasm apical to the nucleus in both luminal (Fig. 11a,b) and 
glandular (Fig. 11c) epithelial cells. The endometrial stroma was immunonegative. Not all 
the luminal and glandular epithelial cells expressed the AhR, even in the same uterine 
gland and/or in neighbouring luminal epithelial cells (Fig. 11c). 
At pregnancy at day 3, marked histological changes appeared in the endometrium, 
manifested by beginning of branching of the luminal epithelium and proliferation. 
Concurrently, a marked change in the expression of the AhR was found. It was still 
restricted to the epithelium but was  diffusely distributed within the  cytoplasm (Fig. 11e) 
with a minor number of positively stained nuclei in both the luminal and glandular 
epithelium (Fig. 10d). The stromal cells were immunonegative; also the myometrium had 
no specific staining. 
With the proceeding of the pregnancy at day 4,  the staining pattern was stronger than at 
day 3 with more diffused cytoplasmic reactions and more nuclear staining  (Fig. 11f) (Fig. 
12a) in the luminal and glandular epithelium. Stained stromal cells occurred for the first 
time; the myometrium, however, was still immunonegative. More branching of the 
endometrium was a concomitant and obvious histological change.  
Before implantation at day 6, the luminal epithelium exhibited a characteristic feature in 
form of symplasm formation. The symplasms were  exclusively immunonegative (Fig. 
12c,d) expressing no AhR protein. The uterine glands were immunopositive(Fig. 12c) and 
showed a diffuse cytoplasmic and nuclear staining. The stromal cells were 
immunopositive (Fig. 12d). The myometrium showed no specific staining. 
The AhR expression pattern was identical in pregnant and pseudopregnant rabbits. Uteri 
from pseudopregnant females at day 3 (Fig. 12e) and day 6 (Fig. 12f) showed the same 
histological changes and immunopositive reactions as in pregnant ones. 
It is noteworthy that a small fraction of day 6 uteri (n=2) showed nearly no symplasm 
formation. In these specimens the luminal epithelium was still a simple columnar 
epithelium and showed a strong diffuse cytoplasmic staining with marked nuclear staining 
(Fig. 12b).  
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Table 4  The relation between AhR immunopositive and immunonegative uteri in adult 
females.  
  
Physiological state Animal numbers Immunopositive uteri Immunonegative uteri
Nonpregnant 11 9 2 
Pregnant day 3 8 7 1 
Pregnant day 4 10 8 2 
Pregnant day 6 15 13 2 
Pseudopregnant day 3 3 3 - 
Pseudopregnant day 6 3 3 - 
Total 50 43 7 
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Fig. 10  A histogram showing the relation between AhR immunopositive and 
immunonegative uteri in mature females. 
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4.3.2.   Expression of AhR in the juvenile uterus 
In juvenile rabbits, the AhR was weakly expressed in the uterus of the control animal (Fig.  
13a). Only luminal epithelial cells were immunopositive for the AhR in a supranuclear 
cytoplasmic position with immunonegative other uterine tissues. 
A strong signal was found in the estradiol-treated rabbits in the form of localized 
cytoplasmic staining apical to the nucleus in most if not in all  luminal epithelial cells and 
uterine glands (Fig. 13b). In the glands immunopositive and immunopositive cells were 
found. In the latter, a diffuse cytoplasmic and nuclear staining. In addition, stromal cells 
were immunopositive (Fig. 13b). Marked histological changes in the endometrium were 
manifested by folding of the epithelium and appearance of uterine glands. 
The estrogen primed progesterone treated rabbits showed the typical gross histological 
changes of a transformed endometrium with, for example, branching and tree formation. 
In the case of 0.3mg/kg progesterone, there was no symplasm formation in the luminal 
epithelium and AhR expression was restricted mainly to the endometrium ( epithelium and 
stroma). In some parts the reaction was in the form of localized cytoplasmic staining 
apical to the nucleus while in other parts diffuse cytoplasmic and nuclear staining occured 
(Fig. 13c,d). These two types of immunostaining were side by side present in both the 
luminal epithelium and the uterine glands with more localized cytoplasmic staining in the 
luminal epithelium (Fig. 13c) and diffuse cytoplasmic and nuclear staining in the uterine 
glands (Fig. 13c,d). Stromal cells also showed nuclear staining (Fig. 13d). 
On the other hand, the estradiol primed and 1.0mg/kg progesterone treated rabbits 
showed clear symplasm formation in the luminal epithelium in addition to the branching of 
the endometrium. AhR expression was very similar to that found in pregnant and 
pseudopregnant females at day 6. It was in the form of diffuse cytoplasmic with nuclear 
staining mainly in the uterine glands while the luminal epithelium showing symplasm 
formation was immunonegative (Fig. 14a). Stromal cells were immunopositive exhibiting 
nuclear staining (Fig. 14b). 
The juvenile rabbits which were treated only with 1.0mg/kg progesterone showed no 
marked histological changes like the oestrogen treated or oestrogen primed progesterone 
treated rabbits. Regarding the AhR expression, some showed a weak reaction in the form 
of localized cytoplasmic reaction apical to the nucleus in the luminal cells (Fig. 14c) while 
others showed nuclear staining also in the epithelium. The myometrium exhibited mainly a 
diffused staining with some stained nuclei (Fig. 14d). 
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4.3.3. Expression of ARNT in the adult uterus 
ARNT protein was widely expressed in the uteri of adult rabbits in all physiological states 
investigated (non-pregnancy and pregnancy; Fig. 15). ARNT was expressed in the 
epithelium (luminal and glandular) in both the nucleus and cytoplasm. In addition, stromal 
cells also expressed the ARNT protein and showed nuclear staining. The myometrium 
was strongly ARNT positive in the form of nuclear and cytoplasmic staining.  
4.3.4. Expression of ARNT in the juvenile uterus 
in the control rabbit, the ARNT expression was generally weak. However, ARNT was 
expressed in the epithelium, stroma and myometrium; the reaction was mainly in the  
cytoplasm in the luminal epithelium (Fig. 16a). 
In the oestrogen treated rabbits, the reaction was primarily cytoplasmic with a weaker 
nuclear staining in the epithelium (luminal and glandular) and more nuclear expression in 
the stromal and myometrial cells (Fig. 16b). In the oestrogen primed and progesterone 
treated rabbits, both luminal and glandular epithelium showed a cytoplasmic and nuclear 
staining. The same was found in the myometrium. Nuclear staining occurred in the 
stromal cells (Fig. 16c). 
In the progesterone treated rabbits there were no marked histological changes. ARNT 
was expressed in the myometrium and epithelial and stromal cells which showed a 
nuclear staining (Fig. 16d). 
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Fig. 11  In the non pregnant uteri the epithelial cells of the luminal epithelium(a) and uterine 
glands (c) showed a cytoplasmic localization of the AhR apical to the nucleus. Both 
ciliated and non-ciliated epithelial cells were immunopositive (b). At day 3 of 
pregnancy the AhR expression was cattered in the cytoplasm (d, e) of luminal and 
glandular epithelium. Nuclear staining was observed at day 3 (d) and day 4 (f) of 
pregnancy. Bars 20 
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Fig. 12  More nuclear staining was observed at day 4 (a) and in the luminal epithelium at day 6 
of pregnancy (b). The majority of uteri at day 6 of pregnancy showed a diffuse 
cytoplasmic and nuclear staining in the uterine glands (c) and imunopositive stromal 
cells (d →). The luminal epithelium was AhR immunonegative (c,d). The 
pseudopregnant uteri revealed a similar expression pattern as the pregnant ones at 
day 3 (e) and day 6 (f). At day 3 of pseudopregnancy, most epithelial cell expressed 
AhR while at day 6 the staining was restricted to the uterine glands and stromal cells. 
Bars 20µm 
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Fig. 13  In the juvenile rabbit, the AhR expression in the uterus of the control (untreated) rabbit 
was weak and restricted to a few epithelial cells stained apical to the nucleus (a). In 
the estradiol treated rabbits, the AhR expression was localized apical to the nucleus in 
the luminal cells and diffuse cytoplasmic and nuclear staining especially in the uterine 
glands (b). In the estradiol primed progesterone treated rabbits, the immunoreaction 
was in the form of diffused cytoplasmic with nuclear staining in the epithelium (c,d). A 
great number of the luminal epithelial cells showed localized cytoplasmic staining 
apical to the nucleus in the 0.3mg/kg progesterone groups (c,d →). In addition, 
stromal cells were immunopositive (d ►). Bars 20µm 
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Fig. 14  In the estrogen primed and 1,0mg/kg progesterone treated females, the AhR 
expression was similar to Day 6 of pregnancy with diffuse cytoplasmic staining in the 
uterine glands  and immunonegative symplasms (a→). Stromal cells were 
immunopsitive (b →). In juvenile rabbits treated only with 1.0mg/kg progesterone , the 
AhR expression varied from localized cytoplasmic staining  apical to the nucleus in the 
epithelium (c) to diffuse cytoplasmic staining with nuclear staining in the epithelium 
and myometrium (d →). Bars 20µm 
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Fig. 15  In the uteri of adult rabbits, ARNT protein was strongly expressed in the endometrial 
epithelium and stroma and in the myometrium in non-pregnant (a, b), pregnant day 3 
(c), day 4 (d) and day 6 females (e,f). The luminal epithelium which showed symplasm 
formation was immunopositive. The uterine glands showed a stronger reaction (f). The 
reaction changed into more prominent nuclear staining in both the cytoplasm and 
nuclei of the immunopositive cells with proceeding pregnancy (c→,d, e). Bars 20µm 
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Fig. 16  In the uteri of juvenile rabbits, ARNT was weakly expressed in the control (untreated) 
rabbit with predominantly cytoplasmic staining in the epithelium (a). In estradiol treated 
rabbits, a clear expression was observed in all uterine layers. In the epithelium the 
staining was mainly cytoplasmic (b). In estradiol primed progesterone treated rabbits, 
more pronounced nuclear beside cytoplasmic staining was observed in all uterine wall 
layers (c). In the rabbits treated only with progesterone, there was nuclear staining in 
the epithelium and strong expression in the myometrium (d Â). Bars 20µm 
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4.3.5.  Expression of AhR in adult ovary 
In the adult ovary, the AhR was expressed in all ovaries, i.e. in ovaries from non-pregnant, 
pregnant and pseudopregnant rabbits. Due to the similarity in AhR expression at days 3, 4 
of pregnancy, only results from day 3 are documented here. 
The AhR was expressed in different parts of the ovary, namely in primordial follicles, 
growing and mature follicles, interstitial cells (interstitial gland), and corpora lutea, but not 
in tunica albuginea ovarii and medullary connective tissue cells. 
Due to the similarity in expression in non-pregnant, pregnant and pseudopregnant rabbits; 
the findings of each part will be followed at different stages. In primordial follicles (Fig. 
17a), the primary oocytes were immunonegative while the squamous follicular cells 
surrounding them were immunopositive in non-pregnant (Fig. 17a,c), pregnant day 3 (Fig. 
17e) and pseudopregnant day 3, 6 (Fig. 17h,k). 
In growing and mature follicles, The AhR was expressed in the cytoplasm of the oocytes   
(Fig. 17b) in non-pregnant (Fig. 17a,b,c), pregnant day 3, 6 (Fig. 17e,f) and 
pseudopregnant (Fig. 17h,k) rabbits. The zona pellucida was always immunonegative 
(Fig. 17b,f,h).  
Granulosa cells in the growing follicles in the non pregnant (Fig. 17a,c), pregnant (Fig. 
17e,f) and pseudopregnant (Fig. 17h,k) rabbits and in the mature follicles (Fig. 17b)  
expressed AhR in the form of diffuse cytoplasmic staining.  
The interstitial cells were a striking feature for AhR expression in the ovary specially in the 
non-pregnant rabbits (Fig. 17a,c). In the pregnant rabbits at day 3, 6 (Fig. 17e,f) and 
pseudopregnant rabbits at day 3, 6 (Fig. 17h,k) the AhR was expressed but relatively 
weaker than in the non-pregnant rabbits. The reaction was always diffuse in the 
cytoplasm. 
In the stromal cells in the ovarian cortex the AhR was constantly present and in all stages 
(see Fig. 17c,e,k) tested. 
Corpora lutea were not present in the ovaries of the non-pregnant rabbits, but were found 
at day 3 and were a the prominent feature at day 6 of pregnancy and pseudopregnancy. 
The AhR was expressed at the different stages of pregnancy and pseudopregnancy (Fig. 
17d,i,j). Both granulosa and theca lutein cells were immunopositive and the latter cells 
were always stained darker than the former ones. 
 
4.3.6.         Expression of ARNT in the adult ovary 
ARNT protein expression was tested in non-pregnant and pregnant rabbits at day 3 and 6. 
All the examined ovaries were strongly expressing ARNT. The staining pattern was very 
similar in the different stages investigated.  
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In the primordial follicles, ARNT was expressed in the squamous follicular cells but not in 
the primary oocyte (see Fig. 18a,d). In growing and mature follicles, an attracting feature 
was the cytoplasmic staining of the primary oocytes in all the developing follicles at 
different stages in the pregnant and non-pregnant rabbits.  
In addition, both granulosa and theca cells were immunopositive for ARNT (Fig. 18 
a,b,d,e). Although the interstitial cells were immunopositive, unlike with AhR, they were 
indistinguishable from the surrounding connective tissue cells. ARNT was expressed in 
the  stromal cells showing a special cytoplasmic stain in a paranuclear position in the non-
pregnant rabbits (Fig. 18c). In general ARNT was expressed in both cytoplasm and nuclei 
of the interstitial cells at the different stages in non-pregnant (Fig. 18a,c) and pregnant day 
3, 6 (Fig. 18d,e,f) females.  
Corpora lutea in the pregnant rabbits expressed ARNT protein in both nuclei and 
cytoplasm (Fig. 18e).  
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Fig. 17 In the ovary, AhR was expressed in a variety of tissues. It was expressed in the 
primary oocytes of the growing follicles in the non-pregnant (b →), pregnant day 3     
(e →) and day 6 (f →) rabbits but not in oocytes in primordial follicles in non-pregnant 
(a →) and pregnant day 3 rabbits (e). Follicular cells expressed AhR in primordial and 
growing follicles in the non-pregnant (a, c ¿) and pregnant day 3 (e ¿), day 6 (f ¿) 
females. The stromal cells were immunopositive in the non-pregnant (c Ì), pregnant 
day 3 (e Ì) and day 6 (g Ì) stage. The interstitial cells were always immunopositive 
in non-pregnant females (a,c ►), and at pregnancy at day 3 (e ►). The corpora lutea 
were also expressing AhR in the pregnant rabbits at day 3 (d →) and day 6 (g →). In 
pseudopregnant rabbits, at day 3 (h,i) and day 6 (j,k), the AhR expression was similar 
to that of the pregnant ones. Bars 20µm 
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Fig. 18  In non-pregnant rabbit ovary, ARNT protein was expressed in primary oocytes in 
growing and mature follicles (a,b →) but not in primordial follicles (a ►). Follicular and 
connective tissue cells were immunopositive (a ¿). In the stromal cells, ARNT was 
expressed in paranuclear position in addition to nuclear staining (c →). In pregnant 
rabbits at day 3 (d) and day 6 (e,f), ARNT was widely expressed in stromal cells (d,f 
¿) and in corpora lutea (e Â). Also it was expressed in primary oocytes and granulosa 
cells in the growing   follicles (d,e →). Bars 20µm  
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4.3.7.     Expression of AhR in adult oviduct  
AhR expression in the rabbit oviduct did not differ greatly between the different 
physiological states investigated. In the ampulla, the AhR expression was diffusely 
cytoplasmic both in the secretory and ciliated cells (Fig. 19a,c). Nuclear staining occurred 
in few number of cells. Stromal cells were immunopositive and showed also nuclear 
staining specially in the pregnant rabbits (Fig. 19c). 
In the isthmus, the reaction was largely restricted to the cytoplasm in both ciliated and 
secretory cells. It was specifically localized apical to the nucleus (Fig. 19.b,d). In 
pseudopregnant rabbits at day 3 (Fig. 19e) and day 6 (Fig. 19f), a localized cytoplasmic 
reaction apical to the nucleus was dominant in the epithelium of the isthmus. 
 
 
4.3.8.   Expression of ARNT in the adult oviduct 
In the non pregnant rabbits, ARNT protein was present in both the ampulla (Fig. 20a) and 
isthmus (Fig. 20b). It was more prominently expressed in the epithelium than in the other 
tissues. It was mainly nuclear in both types of epithelial cells, the secretory cells with 
elongated oval nuclei and the ciliated cells with spherical apically located nuclei. 
Cytoplasmic staining was present also in these cells but was faint (Fig. 20b). Stromal cells 
were immunopositive showing nuclear staining and the muscular coat expressed ARNT in 
both nuclei and cytoplasm (not shown) . 
In the pregnant rabbits, there were signs of secretion in the ampulla specifically at day 3 of 
pregnancy. ARNT was expressed in all layers of the oviductal wall, but most pronounced 
in the mucosal layer at day 3 (Fig. 20c,d) and day 6 (Fig. 20e,f). The epithelium showed 
clear nuclear staining beside cytoplasmic staining. Few stromal cells were immunopositive 
showing nuclear staining at days 3 and the stroma was nearly immunonegative at day 6, 
i.e. shortly before implantation. The muscular coat was immunopositive but weaker than 
that of the epithelium; it exhibited nuclear and cytoplasmic staining (Fig. 20d,f). 
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Fig. 19  AhR expression in the oviduct of non pregnant (a, b) and pregnant rabbits (c,d) was 
similar. In the ampulla of non-pregnant (a) and pregnant day 6 rabbits (c) it was largely 
diffuse cytoplasmic while in the isthmus of the non-pregnant (b) and pregnant females 
at day 6 (d) it was specifically localized apical to the nucleus. In the isthmus of the 
pseudopregnant day 3 (e) and day 6 rabbit (f) the reaction was identical with the 
pregnant ones being localized cytoplasmically apical to the nucleus in the epithelial 
cells. Bars. 20µm 
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Fig. 20  ARNT was widely expressed in the rabbit oviduct in non pregnant (a, b) and pregnant 
day 3 (c, d),  and day 6 (e,f) female rabbits. In both the ampulla (a, c, e) and isthmic 
part (b, d, f) the reaction was mainly nuclear in the epithelium and  tunica muscularis. 
Bars 20µm 
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4.3.9.   Expression of AhR in adult vagina 
In the non pregnant rabbits, the AhR expression in the vagina proper was in the form of 
localized cytoplasmic staining apical to the nucleus (Fig. 21a,b) with nuclear staining in 
some stromal cells. Some diffuse cytoplasmic staining occured in the muscular coat (Fig. 
21a). In the  vestibule, the luminal epithelium showed a localized cytoplasmic staining 
apical to the nucleus in the superficial layer and a perinuclear staining in the deeper layers 
(Fig. 21c). Immunopositive endothelial cells were found in the vestibular blood vessels 
(not shown). 
In the pregnant rabbits at day 6, the vagina proper showed immunonegative luminal 
epithelium (Fig. 21d). Stromal cells showed nuclear staining (Fig. 21d) and the tunica 
muscularis exhibited a diffuse cytoplasmic staining with nuclear staining (Fig. 21e.). In the 
vagina vestibule, the epithelium showed nuclear staining in the basal layer and diffuse 
cytoplasmic stain in some cells. The localization in the stromal cells was nuclear (Fig. 21f). 
 
 
4.3.10. Expression of ARNT in the adult vagina 
ARNT was expressed in both the vagina proper and vestibule in the non pregnant and 
pregnant rabbits at day 6. In the vagina proper, the epithelium showed a nuclear staining 
only in the basal layer and the stromal cells which lie just beneath the epithelium (Fig. 
22a,e). Some stromal cells were immunopositive and the tunica muscularis cells 
expressed ARNT mainly in the cytoplasm with stained nuclei (Fig. 22b,e). 
In the vestibule, ARNT protein was relatively strongly expressed in relation to the vagina 
proper. The epithelium showed nuclear staining (Fig. 22c,d).Some of the stromal cells 
were immunopositive showing nuclear staining. On the other hand, the smooth muscular 
elements showed stained cytoplasm (not shown). Vaginal blood vessels showed 
immunopositive cytoplasm and nuclei in both the tunica muscularis and the endothelial 
cells (not shown). 
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Fig. 21  In non pregnant rabbits, the AhR was expressed in both the vagina proper (a,b) and 
vestibule (c). In the epithelium of the vagina proper the reaction was localized in the 
cytoplasm apical to the nucleus (a, b). The tunica muscularis and stromal cells were 
immunopositive (a →). In the vestibular epithelium the reaction was also localized in 
the cytoplasm (c →). At day 6  of pregnancy,  the vagina proper (d,e) showed 
immunonegative epithelium (d) and immunopositive tunica muscularis (e) and stromal 
cells (e,d). The vestibular epithelium was negative except for the basal layer and 
stromal cells which showed nuclear staining (f  →). Bars 20 µm 
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Fig. 22   In non pregnant rabbits, ARNT protein was expressed in the vagina proper showing 
nuclear staining in the epithelium (a), stromal cells(a) and tunica muscularis (b). The vestibular 
epithelium exhibited nuclear and lighter cytoplasmic staining (c). Similar expression pattern were 
present at day 6 of pregnancy in the vagina proper (e) and vestibule (d). Bars 20 µm   
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4.3.11 Resume of the expression of AhR and ARNT in the rabbit female genital 
tract 
   
Table 5.  Summary of the results of AhR expression in the rabbit uterus. 
 
Luminal epithelim Uterine glands Stromal cells Physiological state 
L D N L D N D+N 
Adult 
- non-pregnant 
-pregnant day 3 
- pregnant day 4 
- pregnant day 6 
- pseudopregnant day3 
- pseudopregnant day6 
 
+ 
- 
- 
- 
- 
- 
 
- 
+ 
+ 
- 
+ 
- 
 
- 
+ 
+ 
- 
+ 
- 
 
+ 
- 
- 
- 
- 
- 
 
- 
+ 
+ 
+ 
+ 
+ 
 
- 
+ 
+ 
+ 
+ 
+ 
 
- 
- 
+ 
+ 
- 
+ 
Juvenile 
- control 
- estradiol 
- estradiol + 0.3mg/kg progesterone 
- estradiol + 1.0mg/kg progesterone 
 
+ 
+ 
+ 
- 
 
- 
- 
+ 
- 
 
- 
- 
+ 
- 
 
- 
+ 
+ 
- 
 
- 
+ 
+ 
+ 
 
- 
+ 
+ 
+ 
 
- 
+ 
+ 
+ 
 
Abbreviations: 
L: localized cytoplasmic + immunopositive 
D: diffuse cytoplasmic  - immunonegative 
N: nuclear 
 
ARNT showed always a diffuse cytoplasmic and nuclear staining in the fast majority of the 
examined uteri. 
 
 
Table 6.  Summary of the findings of AhR and ARNT expression in the ovary. 
 
Non-pregnant Pregnant day 3 Pregnant day 6
Ovarian tissue   
AhR ARNT AhR ARNT AhR ARNT
Granulosa cells in primordial 
follicules D  N D N D N 
Primary oocyte in primordial 
follicles - - - - - - 
Primary oocyte in growing follicles D D D D D D 
Granulosa cells in growing follicles D N D N D N 
Interstitial cells D N D N D N 
Stromal cells D D&N D D&N D D&N 
Lutein cells D D & N D D & N D D & N 
D: diffuse cytoplasmic  
N: nuclear 
-- immunonegative 
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Table 7.  Summary of the AhR and ARNT expression in the oviduct. 
 
Ampulla Isthmus 
Pregnancy state and tissues  
AhR ARNT AhR ARNT 
Non-pregnant rabbit: 
 
Epithelium 
 
Stromal cells 
 
 
 
D 
 
-- 
 
 
 
N 
 
N 
 
 
 
L 
 
-- 
 
 
 
N 
 
N 
 
Day 6 of pregnancy: 
 
Epithelium 
 
Stromal cells 
 
 
 
D 
 
N 
 
 
 
N 
 
-- 
 
 
 
L 
 
-- 
 
 
 
N 
 
N 
 
L: localized cytoplasmic  
D: diffuse cytoplasmic  
N: nuclear 
-- immunonegative 
 
 
 
Table 8.  Summary of the AHR and ARNT expression in the vagina. 
 
Vagina proper Vestibule 
Pregnancy state and tissues   
AhR ARNT AhR ARNT 
Non-pregnant rabbits: 
 
Epithelium 
 
Stromal cells 
 
Tunica muscularis 
 
 
L 
 
N 
 
D 
 
 
N 
 
N 
 
D 
 
 
L 
 
-- 
 
-- 
 
 
N 
 
N 
 
-- 
Day 6 of pregnancy: 
 
Epithelium 
 
Stromal cells 
 
Tunica muscularis 
 
 
-- 
 
N 
 
D 
 
 
N 
 
N 
 
D 
 
 
N 
 
N 
 
-- 
 
 
N 
 
N 
 
-- 
L: localized cytoplasmic  
D: diffuse cytoplasmic  
N: nuclear 
-- immunonegative 
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5 DISCUSSION 
 
 
The AhR is maximally expressed in the human endometrium around the time of ovulation 
pointing to a possible relevance of the AhR for endometrial transformation 
[KÜCHENHOFF et al., 1999b]. It was further suggested that the AhR may be involved in 
the process of implantation and placentation of the rabbit embryo 
[TSCHEUDSCHILSUREN et al., 1999b]. The rabbit has no regular estrus cycle. The luteal 
phase starts as a consequence of mating or hCG injection thus providing a good model 
for early pregnancy and pseudopregnancy in mammals [FISCHER et al., 1985]. The non-
pregnant unmated untreated adult virgin females were the starting point to study the AhR 
expression in the female genital tract in present study. 
 
5.1  Expression of AhR and ARNT in the adult rabbit uterus 
The AhR was expressed in the non pregnant uterus in the epithelium in a distinct position 
in the columnar cells being localized just apical to the nucleus. This area is occupied by 
golgi complex [DAVIS and HOFFMAN, 1975]. However, an ultrastructure study using 
immunogold immunohistochemistry and electronmicroscopy is still necessary to confirm 
the association of the AhR to a specific all organell. The AhR was found to be expressed 
in the cytoplasm of the epithelial cells during non-pregnancy i.e. a state which is 
characterized by low hormone levels. Most likely the AhR is in its inactive form. This view 
is compatible with preceding findings showing that the inactive unliganded AhR resides in 
the cytosol [HANNAH et al., 1981; OKEY et al., 1994; DENISON et al., 1986; GUDAS et 
al., 1986; POLLENZ et al., 1994 ]. Also, not all epithelial cells expressed the receptor at 
the same time which could be due to its short life time which is about eight hours 
[SWANSON AND PERDEW, 1993]. 
At the beginning of pregnancy, at day 3 and 4, a marked change in the expression pattern 
of the AhR in the endometrium took place. A diffuse cytoplasmic staining with few stained 
nuclei occurred at day 3 and increased at day 4 of pregnancy. This change was 
accompanied by proliferation and cellular differentiation in the endometrium and increased 
steroid (estrogen and progesterone) hormone blood levels (Fig. 23). 
After ligand binding the AhR is translocated into the nucleus [HOFFMAN et al., 1991; 
REYES et al., 1992; WHITELAW et al., 1993]. Whether the diffuse staining is a result of 
AhR activation or due to a cellular process involving the receptor as a cellular component, 
for example in the process of cell division and/or uterine secretion, is not known. The 
cytoplasmic and nuclear staining undoubtedly points to translocation of the receptor. 
ARNT as the necessary dimerization partner for XRE binding was expressed in both the 
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cytoplasm and nuclei of the endometrial cells during early pregnancy. It may be important 
for AhR translocation, but we agree with the opinion suggesting that despite its name, 
ARNT is not directly involved in translocating AhR into the nucleus [POLLENZ et al., 
1994].  
At day 4 of pregnancy, there was a marked increase in the nuclear staining in both luminal 
and glandular epithelium. At that day another important change in AhR expression 
occurred for the first time: immunopositive stromal cells. This finding was much more 
pronounced 2 days later, i.e. at day 6, shortly before implantation in the rabbit. Stromal 
cells develop into decidual cells in later pregnancy. Duo to its strong expression, the AhR 
was even considered as decidual marker [TSCHEUDSCHILSUREN et al., 1999b]. in 
present study it was found that the stromal cells were also expressing ARNT protein at 
day 6 of pregnancy. 
 Another change in AhR expression occurred just before implantation: the 
immunonegative luminal epithelium. It showed the typical symplasm formation [see 
BUSCH et al.,1986; FISCHER et al., 1986]. These findings were in agreement with an 
earlier study which also showed no AhR expression in the luminal epithelium on the RNA 
level in the same species [TSCHEUDSCHILSUREN et al., 1999b]. At that time, shortly 
before implantation, maximal proliferation of the endometrium has occurred in the rabbit 
[FISCHER et al., 1985]. The mechanism through which the symplasm became AhR 
immunonegative still needs to be elucidated. It is noteworthy, however, that the symplastic 
luminal epithelial cells were immunopositive for ARNT. 
The expression pattern of the AhR in the rabbit endometrium during the preimplantation 
period showed stage dependent changes that reflect closely the classical changes in 
circulating steroid hormone levels occurring during early pregnancy in this species. In a 
comparable study in the bovine uterus, AhR protein showed a stage dependent 
expression pattern during the estrus cycle with a maximal signal at the time of ovulation 
indicating a hormonal control of the receptor expression in this species (POCAR et al., 
2000). In cattle, however, neither nuclear staining of AhR nor symplasm formation were 
observed in the endometrium in all cycle stages revealing species differences. 
Our finding do not support an earlier notion [TSCHEUDSCHILSUREN et al., 1999b] of a 
modulation of AhR expression by the presence of the conceptus in the uterine cavity. We 
found that the expression pattern was identical in pregnant and pseudopregnant uteri  
indicating a primary maternal control of  receptor expression. 
 
 
 
 
 
 
Discussion 
 
53
 
 
 
0
1
2
3
4
5
6
7
0 1 2 3 4 5 6 7
Days
progesterone [ng/ml]
estradiol - 17ß [pg/ml] 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23. Synopsis of estradiol and progesterone serum concentrations during the 
preimplantation period in the rabbit. The estradiol data were taken from 
Browning et at. 1980. The progesterone graph represents mean levels 
calculated from various publications (BALDWIN and STABENFEDT 1974; 
BROWNING et al. 1980; BILL and KEYS 1983; FISCHER et al. 1985). Day 0 is 
the day of ovulation. 
 
 
5.2   Expression of AhR and ARNT in the juvenile uterus 
The AhR expression patterns in the pregnant and pseudopregnant uteri point to a possible 
influence of the ovarian steroid hormones estrogen and progesterone. Recent studies 
proved a cross talk between the AhR and ER (estrogen receptor) and described an 
antiestrogenic effect of  AhR agonists [KHARAT and SAATCIOGLU, 1996; KLINGE et al., 
1999; WORMKE et al., 2000]. 
The control juvenile rabbit which has quiescent ovaries showed a weak expression for 
both AhR and ARNT while in the juvenile rabbit treated with the ovarian steroids there was 
a marked increase and change in location in AhR and ARNT expression. 
In the estrogen treated uteri there was a clear up-regulation of AhR expression. This was 
concurrent with a marked mitogenic picture represented by folding of the luminal 
epithelium and development of the uterine glands. It is known that estradiol-17B (E2) 
stimulates epithelial proliferation in the uterus and vagina. It plays a critical role in normal 
epithelial morphogenesis, cytodifferentiation and secretion in these organs [GALAND et 
al., 1971]. In addition, E2 induced epithelial mitogenesis is mediated indirectly by stromal 
ERα in female reproductive organs [COOK et al., 1998]. The induction of AhR under E2 
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treatment indicates that the receptor may be involved in the process of E2 -controlled 
epithelial mitogenesis and uterine secretion. However, E2 alone could not complete the 
process of endometrial progestational proliferation. In estrogen primed progesterone 
treated rabbits, there was a clear progestational proliferation manifested by endometrial 
branching and symplasm formation. This proliferation, however, occured only with 
1.0mg/kg progesterone and not with 0.3mg/kg progesterone. In the latter treatment group 
the luminal epithelium were still simple columnar cells with no symplasms. This clear 
difference in the luminal epithelial proliferation  was accompanied by an obvious 
difference in AhR expression in the epithelium. It was immunonegative in the symplastic 
epithelium at 1.0mg/kg progesterone and it was in the form of localized, diffused 
cytoplasmic and nuclear staining in the 0.3mg/kg progesterone group. This means that 
both estrogen and progesterone hormones are necessary to induce complete 
progestational proliferation of the endometrium and the associated pattern of AhR 
expression as typically found at day 6 of pregnancy and pseudopregnancy in adult rabbits. 
In progesterone treated juvenile rabbits, there were neither specific histological changes 
related to endometrial proliferation nor a clear AhR expression pattern. Instead, there 
were irregular forms of expression ranging from weak localized cytoplasmic staining to 
few stained nuclei. These findings confirm that progesterone alone can not induce normal 
progestational proliferation.  
During the preimplantation period, irrespective of whether in pregnant or pseudopregnant 
rabbits, there is a marked increase in the serum estradiol and progesterone levels (Fig. 
23) that is associated with strong endometrial proliferation [DAVIES & HOFFMAN, 1975; 
FISCHER et al., 1985]. How can the AhR be involved in the cell biology during 
endometrial proliferation? It is reasonable to state some facts before reaching putative 
elucidation. The initiation of mitosis in eukaryotic cells is governed by a phosphorylation 
cascade [BASI & DRAETTA, 1995]. The E2 induced mitogenic effect involves protein 
kinase and growth factor activation [BARBARISI et al., 2001]. AhR and ARNT are 
phosphoproteins with phosphorylation of the AhR  occuring predominantly on its carboxyl-
terminal half [MAHON & GASIEWICZ, 1995]. A 60 KDa protein tyrosine kinase was 
immunoprecipitated with AhR immune complex from liver cytosol [BLANKENSHIP & 
MATSUMURA, 1997]. Alternative AhR activation pathways were found to involve protein 
kinase C-dependent phosphorylation in the absence of ligand binding [CHEN & TURKEY, 
1996]. AhR expression was modulated by (a) serum component (b) through a process 
dependent on tyrosine kinase activity and independent of dioxin [VAZIRI et al., 1996]. E2 
treatment of MCF-7 cells led to an immediate and transient stimulation of protein tyrosine 
kinase (PTK) activity, and possibly PP60src [MIGLIACCO et al., 1993]. Also, the 
progesterone receptor has been shown to be associated with protein kinases (PKs) 
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[LOGEA et al., 1987; TESARIK et al., 1993]. From the above mentioned information we 
can speculate that ovarian steroid hormones activate the AhR indirectly through a 
phosphorylation cascade (Fig. 24).  
These results clearly document the AhR expression is intimately connected with cellular 
differentiation of specific tissues during early pregnancy and the process of AhR 
transformation and translocation is mediated through a cellular process being linked to 
estrogen and  progesterone. However, a direct interaction between AhR and steroid 
hormones in the way  that steroid hormones are AhR ligands does not exist [LEE et al., 
1998]. An earlier study in embryonic mouse kidney, lung, muscle, bone and epidermis 
showed the association of the AhR expression with the regions of rapid proliferation 
and/or differentiation, suggesting a role for the AhR in the normal organogenesis 
[ABBOTT et al., 1995]. In addition, knockout studies showed that AhR deficient mice 
exhibited a large number of phenotypic abnormalities and immune deficiency 
[FERNANDEZ-SALGUERO et al., 1995]. ARNT knockout mice embryos showed severe 
abnormalities related to insufficient placental vascularization and defective angiogenesis 
leading to embryonic death [KOZAK et al., 1997; MALTEPE et al., 1997]. Therefore, the 
AhR/ARNT system is involved in (i) hormonal dependent changes in maternal genital 
organs, (ii) of specific tissues, during early pregnancy, (iii) placental vascularization and 
(iv) organogenesis in later stages and on the fetal side of pregnancy. 
 
At day 6 of pregnancy and pseudopregnancy the symplasms in the luminal epithelial cells 
were immunonegative. This happened after a period of AhR up-regulation and indicates a 
depletion of the receptor protein. In murine Hepa-1C1C7 cells, the AhR was found to be 
depleted by 80 to 95% following treatment with TCDD. It did not recover to basal levels as 
long as TCDD was present in the medium [POLLENZ et al., 1996]. In a recent study, AhR 
protein was rapidly degraded in the cytoplasm by proteasome activity after a short 
residence in the nucleus following ligand binding [DAVARINO and POLLENZ et al., 1999]. 
It was found that the nuclear AhR undergoes proteolytic degradation at a much higher rate 
than the cytosolic form [POLLENZ et al., 1996]. The trigger factor for immunonegative 
symplasm for AhR may be transforming growth factor-B1 (TGF-B1) which is  a cell cycle 
and proliferation inhibitor specifically in epithelial cells [MASSAGUE et al., 1990; 
ALEXANDROW & MOSES, 1995]. TGF-B1 has been shown to down regulate AhR mRNA 
in human lung cancer A549 cells which were not treated by TCDD [DÖHR et al., 1997].   
These findings can be regarded as a proof for the AhR having “finished” its function in the 
luminal epithelium at the end of the preimplantation period or being not necessary, i.e. not 
expressed/no longer expressed, in these cells for the ongoing pregnancy. 
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Fig. 24  Suggested autocrine and paracrine mechanisms through which ovarian 
steroids may activate the AhR (Designed after BOCK, 1993; COOKE et al., 
1998). 
  Abbreviations: ER,estrogen receptor, XRE, xenobiotic responsive element, E2, 
estradiol, Pr,progesterone, hsp90, heat shock protein 90, AhR, aryl 
hydrocarbon receptor,ARNT, AhR nuclear translocator. 
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5.3   Expression of AhR and ARNT in the adult ovary 
In the rabbit ovary, the AhR was strongly expressed in interstitial cells. These cells were 
always found in the vicinity of the ovarian follicles. They are islands of interstitial cells 
(interstitial glands). They were stained darker than any other type of cells specially in the 
non-pregnant rabbits (Fig. 17 a). These cells secrete ovarian steroids indicating a 
potential role for AhR in steroid synthesis and/or secretion and/or other functions of these 
cells . Also, the interstitial cells expressed ARNT but were indistinguishable from the 
surrounding connective cells because ARNT was equally expressed in the interstitial 
tissues of the ovarian cortex. The ovarian stromal cells (Fig. 17c,e,h,k) which are modified 
into hormone secreting cells were always expressing AhR and ARNT in the non pregnant,  
pregnant and pseudopregnant rabbits. Taken together, these findings indicate that AhR 
expression is intimately related to steroid secreting cells in the ovarian cortex. 
The squamous follicular cells expressed both AhR and ARNT although the primary oocyte 
surrounded by these cells was immunonegative for AhR and ARNT. In the bovine ovary 
the primary oocyte of the primordial follicle expressed AhR protein but not ARNT [POCAR 
et al., 2000]. In the rabbit AhR and ARNT proteins were expressed in the cytoplasm of the 
primary oocytes in all growing follicles and in the granulosa cells indicating co-expression 
of both transcription factors in both the generative and somatic parts of the follicle. In 
corpora lutea, both AhR and ARNT proteins were constantly present. In addition, theca 
lutein cells were more strongly stained with AhR than granulosa lutein cells. 
All the somatic ovarian cells including follicular, granulosa and lutein cells were 
immunopositive for AhR and ARNT indicating a possible role for the two transcription 
factors in the process of steroid synthesis and/or secretion. On the other hand, although 
the primary oocytes in the primordial and developing follicles are arrested in meiotic 
prophase Ι, only the developing ones expressed both AhR and ARNT revealing a possible 
involvement of these proteins in the process of oocyte maturation in the rabbit. In 
agreement with these findings, BENEDICT et al., [2000] suggested that the AhR system 
may play a role in mouse ovary developmental processes like formation of primordial 
follicles and regulation of antral follicle numbers. In the AhR knockout mice, the ovaries 
contained fewer numbers of the single germ cells and antral follicles than in the wild type 
mice.  
In summary, the close association of the AhR/ARNT system with granulosa and luteal 
cells indicates an involvement in the process of follicular maturation and steroid secretion 
in the rabbit ovary.   
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5.4  Expression of AhR and ARNT in the adult oviduct and vagina 
In general, the expression pattern for AhR in the oviduct was constant in respect to region 
of the oviduct as well as cellular localization during the ovarian cycle. The AhR in the 
oviductal epithelium was localized cytoplasmically apical to the nucleus and a diffuse 
cytoplasmic staining with few nuclear staining occured in the ampulla which showed 
stained stromal cells in  pregnant rabbits (Fig. 19c). It is known that fertilization occurs in 
the caudal ampulla in the rabbit and that the oviduct accommodates the embryos up to 
day 3 of pregnancy. ARNT protein showed a cytoplasmic and mainly nuclear localization 
in all layers of the oviductal wall, indicating a possible involvement of AhR and ARNT in 
the process of oviductal secretion and motility during the preimplantatrion period. 
 
In the vagina, the vaginal epithelium in both the vagina proper and vestibule undergoes 
cyclic changes under the influence of estrogens and progesterone hormones and is 
continuously regenerated by adding new cells from the basal layers and desquamation of 
the most superficial layers. The AhR showed a different expression in the vaginal 
epithelium between the non-pregnant and pregnant (preimplantation) state.The 
expression was changed from localized cytoplasmic staining in non-pregnant rabbits to 
diffuse cytoplasmic and nuclear staining in the basal layers only in the vestibule, indicating 
a clear influence on AhR expression by the circulating steroids during the preimplantation 
period. More studies are needed specially at day 3, 4 of pregnancy and also during the 
postimplantation period to follow the changes in the expression. However, the changes in  
AhR expression in the vaginal epithelium are comparable with the finding in the 
endometrial epithelium and confirm an involvement of AhR in the process of epithelial 
proliferation. It is well known that estradiol-17β (E2) stimulates uterine and vaginal 
epithelium [GALAND et al., 1971].  
It is noteworthy that not only in the epithelium but also in the tunica muscularis of the 
vagina proper the AhR could be demonstrated in both non-pregnant and pregnant rabbits, 
for the first time indicating that the AhR is expressed in different tissues. Before the AhR 
had been detected in the skeletal and cardiac muscles of the mouse and chick embryo 
respectively [ABBOTT., et al 1995 ; WALKER., et al 1997].   
The ARNT protein was found to be expressed in the vaginal epithelium and tunica 
muscularis in both non-pregnant and pregnant rabbits. It is important to note that the 
epithelium of the vagina proper and symplastic luminal epithelial cells in  the endometrium 
were expressing ARNT protein but not AhR. The ARNT protein is involved in various 
cellular events and signal cascades and not only in heterodimerization with AhR. It is not 
depleted after its sharing in cellular activities. An early study by Pollenz [1994] on hepatic 
and non-hepatic cultured cells treated with TCDD revealed a rapid depletion of AhR but 
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not ARNT protein. In other studies the importance of  the ARNT protein was shown as 
heterodimerization partner in other signal transduction pathways, for example in response 
to hypoxia.  ARNT heterodimerizes with HIF-1α and was named HIF-1β in this pathway 
[WANG et al., 1995; WANG and SEMENZA, 1995; SEMENZA et al., 1995]. ARNT protein 
performs a variety of cellular functions that require high basal levels of this protein 
[WILSON and SAFE, 1998]. 
 In general, the AhR was found to be up-regulated under the influence of ovarian steroids 
(estradiol and progesterone) in the absence of classical exogenous ligands. Other 
compounds which are naturally present in vivo may have acted as ligands for AhR such 
as the heme degradation products bilirubin (BR), biliverdin (BV) and prostaglandins  
[PHELAN et al., 1998; SEIDEL et al., 2001], tryptophan metabolites, tryptamine and indole 
acetic acid, all functioning  as weak AhR ligands [HEATH-PAGLIUSO et al., 1998], and 
indirubin and indigo as more potent ligands [ADACHI et al., 2001]. So far tissue 
concentrations, especially in genital tract tissues, of these compounds are not known. In 
addition, the physiological role and regulation as well as potential feedback mechanisms 
need to be studied. Presently, the interpretation of the findings of present thesis can not 
include these components, even not on a very hypothetical way. 
In the current study, the AhR was found to be expressed in the epithelium in the rabbit 
genital tract in a very distinct manner, distinct in both intracellular localization and cellular 
distribution.  It was also expressed in human endometrial epithelium [KÜCHENHOFF et 
al., 1999b] and in the epithelium of palate of human and mouse embryos [ABBOTT et al., 
1994a,b]. These findings support a suggestion that AhR expression may be a typical 
feature of epithelial cell biology [KÜCHENHOFF et al., 1999b]. Future studies will have to 
disclose the specific contribution of the AhR/ARNT system and /or of both components 
individually in epithelial cell physiology. Due to its fundamental role in body composition, 
function and diseases, the specific contributions of AhR and ARNT merit high attention. 
The genital epithelia offer a valid and well-characterized cellular model for these studies. 
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6 SUMMARY 
Atif Mohamed Awad Hasan 
Aryl Hydrocarbon Receptor Expression in the Genital Tract of Female Rabbit (Oryctolagus 
cuniculus) 
 Large Animal Clinic for Theriogenology and Ambulatory Services, Faculty of Veterinary 
Medicine, University of Leipzig  
and 
Department of Anatomy and Cell Biology, Faculty of Medicine Martin Luther University Halle-
Wittenberg 
June 2002 
(81 P., 24 Fig., 8 Tab., 187 Ref.)    
 
The aryl hydrocarbon receptor (AhR) is a ligand activated transcription factor. It was first 
discovered in 1976 as a mediator for toxic effects of dioxins and polychlorinated biphenyls. 
Beside exogenous ligands, an increasing list of endogenous ligands has recently been 
described. AhR and its dimerization partner AhR nuclear translocator (ARNT) were found in 
embryos, fetuses and in genital tract tissues. Its role in reproduction and fertility is not known. 
In current study AhR and ARNT expression and co-localization were studied on the protein 
level in the female genital tract of the rabbit in different reproductive states by using 
immunohistochemistry. It was studied in non-pregnant and in pregnant and pseudopregnant 
rabbits during the preimplantation period.  
In the non-pregnant uteri, the AhR was localized in the cytoplasm of luminal epithelium and 
uterine glands in a distinct position apical to the nucleus. The other uterine tissues were 
immunonegative. This expression pattern is considered to represent the quiescent form of 
the  AhR complex. At days 3 and 4 of pregnancy there was a clear change in expression 
manifested by (i) diffuse cytoplasmic and (ii) nuclear staining in the luminal epithelium and 
uterine glands. This expressional change was accompanied by endometrial progestational 
proliferation and is considered to reflect up-regulation/activation of the AhR/ARNT complex. 
Further changes in expression just before implantation were immunonegative symplasms in 
the luminal epithelium and AhR and ARNT expression in the stromal cells. 
 The AhR expression patterns in the corresponding pseudopregnant uteri were similar so that 
AhR expression seems to be exclusively controlled by maternal steroid sex hormones. This 
view was confirmed by studies in hormonally treated juvenile female rabbits (see below).  
 
 
 
The ARNT protein was widely expressed in different organs, tissues and cells of the rabbit 
female genital tract  in both  the cytoplasm and/or nuclei. In the ovary it was found in the 
interstitial , granulosa and lutein cells. In the oviduct, uterus and vagina, it was found in all 
the epithelial and in muscle cells. All cells which expressed  the AhR were also expressing 
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ARNT in their nuclei except the primary oocyte. The AhR expression showed stage specific 
changes in both the uterus and vagina during the preimplantation period while the ARNT 
protein exhibited no change in expression in the whole genital tract during this period. 
The parallel changes in endometrial proliferation and AhR expression during the 
preimplantation period point to the control of the receptor expression by the ovarian steroid 
hormones estradiol and progesterone. To further estimate the possible effect of the ovarian 
steroids on AhR expression, four groups of juvenile female rabbits were treated with 
estradiol, estradiol and progesterone and progesterone hormones. Different progesterone 
doses (0.3mg/kg and 1.0mg/kg) were used. In comparison with a non-treated control juvenile 
rabbit, AhR expression was markedly up-regulated in the estradiol treated uteri showing 
localized cytoplasmic staining in all luminal epithelial cells in addition to diffuse cytoplasmic 
and nuclear staining in some uterine glands cells. In the estradiol primed progesterone 
treated groups, the expression showed further up-regulation manifested by nuclear and 
diffuse cytoplasmic staining in the majority of the epithelial cells beside localized cytoplasmic 
staining apical to the nucleus in some cells in the 0.3mg/kg progesterone group. A staining 
pattern fully comparable to that of adult uteri at day 6 of the  preimplantation period was 
found in the 1.0mg/kg progesterone animals. It  was in the form of an immunonegative 
luminal epithelium, positive uterine glands and stromal cells with nuclear and diffuse 
cytoplasmic staining. This change in AhR expression was accompanied by progestational 
proliferation. The results obtained in juvenile uteri confirm the view that  AhR expression is 
controlled by ovarian steroid hormones.  
The AhR was expressed in ovaries of adult rabbits in the steroid secreting so-called 
interstitial  cells, in follicular and granulosa cells, and in lutein cells. The AhR was also found 
in the adult oviduct but only with minor signs of expressional changes. In the vagina AhR 
localization changed from localized cytoplasmic in the non pregnant animal to nuclear 
staining in the basal layer of the vaginal epithelium at day 6 of pregnancy. 
Taken together, these findings indicate a functional AhR/ARNT complex in the rabbit genital 
tract epithelia. Its role and activation in reproductive tissues is not clear. It is supposed, 
however, that this complex is involved in the hormone-induced cellular changes which 
characterize the hormone-responsive ovarian, uterine and vaginal tissues during pregnancy 
in mammals. 
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7 ZUSAMMENFASSUNG 
 
Atif Mohamed Awad Hasan 
Expression des Arylhydrocarbon-Rezeptors im Genitaltrakt weiblicher Kaninchen 
(Oryctolagus cuniculus) 
Ambulatorische und Geburtshilfliche Tierklinik der Veterinämedizinischen Fakultät der 
Universität Leipzig 
und 
Institut für Anatomie und Zellbiologie der Medizinischen Fakultät der Martin-Luther-
Universität Halle-Wittenberg 
Juni 2002 
(81 S., 24 Abb., 8 Tab., 187 Lit.)    
 
Der Arylhydrocarbon-Rezeptor (AhR) ist ein Ligand-aktivierter Transkriptionsfaktor. Er wurde 
als Vermittler für die toxischen Wirkungen von Dioxinen und polychlorierten Biphenylen 
(PCB) 1976 entdeckt. Außer exogenen Liganden wie Dioxinen und PCB wurde in letzter Zeit 
eine zunehmende Liste von endogenen Liganden beschrieben. Der AhR und sein 
Heterodimerisierungspartner ARNT sind in Embryonen, Feten und in den Geweben des 
Genitaltraktes gefunden worden. Die Rolle dieser Transkriptionsfaktoren in der Reproduktion 
und Fertilität sowie die genaue Regulation der Expression sind noch nicht bekannt. In der 
vorliegenden Arbeit wurde die Expression und Ko-Lokalisation von AhR und ARNT auf der 
Proteinebene im weiblichen Genitaltrakt des Kaninchens (Vagina, Uterus, Eileiter, Ovar) in 
verschiedenen Phasen der Frühgravidität immunhistochemisch untersucht. Nicht gravide, 
gravide und pseudogravide Kaninchen wurden während der Präimplantationsphase, d.h. bis 
zum 6. Tag p.c. bzw. p.o., untersucht.  
Im nicht graviden Uterus war der AhR im Zytoplasma des Cavumepithels streng apikal vom 
Zellkern lokalisiert. Die anderen Gewebe der Uteruswand waren immunnegativ. Dieses 
Expressionsmuster wird als die inaktive Form des AhR-Komplexes gewertet. Am Tag 3 und 
4 der Gravidität kam es im Cavum- und Uterusdrüsenepithel zu deutlichen Veränderungen 
mit einer (i) diffus zytoplasmatischen Lokalisation, die nicht mehr auf das Zytoplasma apikal 
des Zellkerns beschränkt war, und (ii) nuklären Färbung. Diese Veränderungen waren von 
einer ebenso deutlichen Endometriumproliferation begleitet. Sie wird als Hochregulation bzw. 
Aktivierung des AhR/ARNT-Komplexes im Rahmen der frühschwangerschaftlichen 
Endometriumtransformation interpretiert. Weitere Veränderungen im Expressionsmuster kurz 
vor der Implantation (Tag 6) waren immunnegative Symplasmen im Cavumepithel und die 
Expression von AhR und ARNT in den Stromazellen.  
Das Expressionsmuster im Uterus von pseudograviden und graviden Kaninchen war gleich, 
so dass die Expression des AhR offensichtlich durch maternale Sexualsteroidhormone 
kontrolliert wird. Diese Sicht wird durch Studien an Hormon-behandelten juvenilen weiblichen 
Kaninchen gestützt (s.u.). 
Das ARNT-Protein war in allen untersuchten Organen im weiblichen Genitaltrakt des 
Kaninchens im Zytoplasma und/oder im Kern nachweisbar. Alle Zellen, die den AhR 
aufwiesen, exprimierten mit Ausnahme der primären Oozyten auch ARNT. Beim ARNT kam 
es nicht zu Veränderungen in der Lokalisation in den verschiedenen untersuchten 
Graviditätsphasen. 
 
 
Im Ovar war der AhR in den interstitiellen Zellen und in den Granulosa- und 
Thekaluteinzellen detektierbar. AhR und ARNT waren bis auf die primären Oozyten in 
Primordialfollikeln, die AhR-negativ waren, ko-lokalisiert. Der AhR kommt im Eileiter und in 
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der Vagina vor. Im Eileiter zeigt er im Unterschied zur Vagina keine Veränderungen in der 
Expression während der Frühgravidität. Im Vaginalepithel kam es von einer 
zytoplasmatischen Lokalisation bei nicht graviden Tieren zu einer nukleären Markierung in 
den basalen Schichten am 6. Tag der Gravidität. 
Die Veränderungen in der AhR-Expression und in der endometrialen Proliferation während 
der Präimplantationsperiode weisen auf eine Regulation der Rezeptorexpression durch die 
ovariellen Steroidhormone Östrogene und Progesteron hin. Zur Untermauerung dieser 
These wurden vier Gruppen von juvenilen weiblichen Kaninchen mit estradiol, estradiol und 
Progesteron oder Progesteron allein behandelt. Zwei verschiedene Progesterondosierungen 
(0,3 mg/kg und 1,0 mg/kg Lebendgewicht) wurden eingesetzt. Ein unbehandeltes juveniles 
Kaninchen diente als Kontrolle. Im Vergleich zur Kontrolle führte die Östradiolbehandlung zu 
einer Hochregulation des AhR im Uterus. Die Expression war wie bei den adulten Kaninchen 
im Zytoplasma der Cavumepithelzellen lokalisiert. Einige Uterusdrüsenepithelzellen zeigten 
eine Kernanfärbung. In der estradiol- und Progesteron-behandelten Gruppe kam es zu einer 
weiteren Hochregulation mit nukleärer und diffus zytoplasmatischer Färbung in der Mehrheit 
der Epithelzellen. Das Färbemuster in der Gruppe mit 1 mg/kg Progesteron entsprach 
weitestgehend dem am 6. Tag der Präimplantationsperiode bei adulten Tieren. Es war durch 
immunnegative luminale Epithelzellen, positive Uterusdrüsenepithelien und Stromazellen mit 
klarer nukleärer oder diffus zytoplasmatischer Markierung gekennzeichnet. Diese 
Veränderungen in der AhR-Expression waren von einer deutlichen endometrialen 
Proliferation begleitet. Die Ergebnisse, die an den juvenilen Uteri gewonnen wurden, zeigen, 
dass die AhR-Expression durch ovarielle Steroidhormone reguliert wird. 
Zusammengefasst konnte in der vorliegenden Arbeit ein funktionaler AhR/ARNT-Komplex im 
Genitaltraktepithel in bestimmten Phasen der Frühgravidität beim weiblichen Kaninchen mit 
immunhistochemischen Methoden aufgezeigt werden. Die Aktivierungsmechanismen und die 
Rolle, die der AhR/ARNT-Komplex im Fortpflanzungsgeschehen spielt, sind unklar. Es ist 
jedoch offensichtlich, dass AhR/ARNT an den Hormon-induzierten zellulären Veränderungen 
in den Geschlechtsorganen während der Frühgravidität beim Säugetier beteiligt ist. 
 
 
 
 
 
 
  
 
 
 
 
 
References 
 
64
 
7  REFERENCES 
 
 
ABBOTT, B.D., and M.R. PROBST (1995): 
Developmental expression of two members of a new class of transcription factors. II. 
Expression of Ah receptor translocator (ARNT) in the C57BL/6N mouse embryo.  
Dev. Dynam. 204, 144 – 155. 
 
ABBOTT, B.D., L.S. BIRNBAUM, and R.M. PRATT (1987):  
TCDD-induced hyperplasia of the urethral epithelium produces hydronephrosis in murine 
fetuses. 
Teratology 35, 329 – 334. 
 
ABBOTT, B.D., G.H. PERDEW, and L.S. BIRNBAUM (1994a): 
Ah receptor in embryonic mouse palate and effects of TCDD on receptor expression, 
Toxicol. Appl. Pharmacol. 126, 16 – 25. 
 
ABBOTT, B.D., M.R. PROBST, and G.H. PERDEW (1994b): 
Immunohistochemical double staining for Ah receptor and ARNT in human embryonic 
palatal shelves. 
Teratology 50, 361 – 366. 
 
ABBOTT, B.D., L.S. BIRNBAUM, and G.H. PERDEW (1995): 
Developmental expression of two members of a new class of transcription factors. I. 
Expression of aryl hydrocarbon receptor in the C57BL/6N mouse embryo. 
Dev. Dynam. 203, 133 – 143. 
 
ABBOTT, B.D., M.R. PROBST, G.H., and A-R. BUCKALEW (1998): 
Ah receptor, ARNT, glucocorticoid receptor, EGF receptor, EGF, TGFα, TGFβ1, TGFβ2, 
and TGFβ3 Expression in human embryonic palate, and effects of 2,3,7,8-
tetrachlorodibenzo-p-dioxin(TCDD).  
Teratology 58, 30– 43. 
 
ABBOTT, B.D., J. E. SCHMIT, J.A. PITT, A.R. BUCKALEW, C.R. WOOD, G.A. HELD, 
and J.J. DILIBERTO (1999): 
Adverse reproductive outcomes in the transgenic Ah receptor-deficient mouse. 
Toxicol. Appl. Pharmacol. 155, 62 – 70. 
 
ABNET, C., D. MARKWARDT, W. HEIDEMAN, M. HAHN, R. POLLENZ, and R. 
PETERSON (1996):  
Cloning of the rainbow trout AhR and ARNT: Mechanistic examination of interspecies 
differences in sensitivity to AhR agonists. 
Society of Environmental Toxicology and chemistry 17th Annual meeting Washington, DC, 
Abstract 425, 128.  
 
ADACHI, J., Y. MORI, S. MATSUI, H. TAKIGAMI, J. FUJINO, H. KITAGAWA, C.A. 
MILLER III, T. KATO, K. SAEKI, and T. MATSUDA (2001): 
Indirubin and indigo are potent aryl hydrocarbon receptor ligands present in human urine. 
J. Biol. Chem. 276, 31475 – 31478. 
 
ALEXANDROW, M.G., and H.L. MOSES (1995):  
Transforming growth factor β and cell cycle regulation. 
Cancer Res. 55, 1452 – 1457. 
 
 
 
 
References 
 
65
 
AOKI, Y., K. SATOH, K. SATO,  and K.T. SUZUK (1992): 
Induction of glutathione S-transferase P-form in primary cultured rat liver parenchymal 
cells by co-planar polychlorinated biphenyl congeners. 
Biochem. J. 281, 539 – 543. 
 
ASTROFF, B. and S. SAFE (1988): 
Comparative antiestrogenic activities of 2,3,7,8-tetrachlorodibenzo-p-dioxin and 6-methyl-
1,3,8- trichlorodibenzofuran in the female rats. 
Toxicol. Appl. Pharmacol. 95, 435 – 443. 
 
ASTROFF, B. and S. SAFE (1990): 
2,3,7,8-tetrachlorodibenzo-p-dioxin as an antiestrogen: effect on uterine peroxidase 
activity. 
Biochem. Pharmacol. 39, 485 – 488. 
 
BALDWIN, D.M. and G.H. STABENFELDT (1974): 
Plasma levels of progesterone, cortisol, and corticosterone in the pregnant rabbit. 
Biol. Reprod. 10, 495 – 501. 
 
BANK, P.A., E.F. YAO, C.L. PHELPS, and M.S. DENISON (1992): 
Species-specific binding of transformed Ah receptor to a dioxin responsive transcriptional 
enhancer. 
Eur. J. Pharmacol. Environ. Toxicol. Pharmacol. Sect. 228, 85 – 94. 
 
BARBARISI, A., O. PETILLO, A.I. LIETO, M.A.B. MELONE, S. MARGARUCCI, M. 
CANNAS, and G. PELUSO (2001): 
17-β Estradiol elicits an autocrine leiomyoma cell proliferation: Evidence for a stimulation 
of protein kinase-dependent pathway. 
J. Cell. Physiol. 186, 414 – 424 
 
BASI, G., and G. DRAETTA (1995): 
The cdc2 kinase: structure, activation and its role at mitosis in vertebrate cells. 
In Cell Cycle Control (Hutchison C and Glover DM eds) pp 106 – 143, oxfordUniversity 
Press, New York 
 
BAYNEY, R.M., M.R. MORTON,  L.V. FAVREAU, and C.B. PICKETT (1989): 
Rat liver DNA (p) H: quinone reductase. 
J. Biol. Chem. 264, 21793 – 21797. 
 
BEIER, H.M., and W. KÜHNEL (1973): 
Pseudopregnancy in the rabbit after stimulation by human chorionic gonadotropin. 
Hormone Res. 4, 1 – 27. 
 
BENEDECT, J.C., T.M. LIN, I.K. LOEFFLER, R.E. PETERSON, and J.A. FLAWS (2000): 
Physiological role of the Aryl hydrocarbon receptor in Mouse ovary development. 
Toxicological Sci. 56, 382 – 388. 
 
BILL, C.H. and P.L. KEYES (1983): 
17β-Estradiol maintains normal function of corpora lutea through pseudopregnancy in 
hypophysectomized rabbits. 
Biol. Record 82, 608 – 617. 
 
BLANKENSHIP, A., and F. MATSUMURA (1997): 
2,3,7,8-Tetrachlorodibenzo-p-dioxin-induced activation of a protein tyrosine kinase, 
PP60src, in murine hepatic cytosol using a cell-free system. 
 
 
References 
 
66
 
Mol. Pharmacol. 52, 667 – 675. 
BOCK, K.W. (1993): 
Aryl hydrocarbon or dioxin receptor: biologica and toxic responses. 
Rev. Physiol. Biochem. Pharmacol. 125, 1 – 42. 
 
BRANDFORD, M.M. (1976): 
A rapid and sensitive method for the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. 
Anal. Biochem. 72, 248 – 254. 
 
BROWING, J.Y., P.L. KEYES, and R.C. WOLF (1980): 
Comparison of serum progesterone, 20 α-dihydroprogesterone, estradiol-17β in pregnant 
and pseudopregnant rabbits. 
Biol. Record 23, 1014 – 1019. 
 
BRYANT, P., G.C. CLARK, M.R. PROBST, and B.A. ABBOTT (1997): 
Effects of TCDD on Ah receptor, ARNT, EGF, and TGF-α expression in embryonic mouse 
urinary tract. 
Teratology 55, 326 – 337. 
 
BUCHANAN, D.L., S. TOMOMI, R.E. PETERSON, and S. COOKE (2000): 
Antiestrogenic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin in mouse uterus: critical role 
of the aryl hydrocarbon receptor in stromal tissue. 
Toxicological Sciences  57, 302 – 311. 
 
BURBACH, K.M., A. POLAND, and C.A. BRADFIELD (1992): 
Cloning of the Ah receptor cDNA reveals a distinctive ligand-activated transcription factor. 
Proc. Natl. Acad. Sci. USA 89,  8185 – 8189. 
 
BUSCH, L.C., E. WINTERHAGER and B.FISCHER (1986): 
Regulation of the uterine epithelium in later stages of pseudopregnancy in the rabbit. An 
ultrastructural study.  
Anat. Embryol. 174,  97 – 104. 
 
CARVER, L.A., HOGENESCH, J.B., BRANDFIELD, C.A. (1994): 
Tissue specific expression of the rat Ah-receptor and ARNT mRNAs. 
Nucleic Acids Res. 22, 3038 – 3044. 
 
CASTRO-RIVERA, E., M. WORMKE, and S. SAFE (1999):  
Estrogen and aryl hydrocarbon receptor responsiveness of ECC-1 endometrial cancer 
cells. 
Mol. Cell. Endocrinol. 150, 11– 21. 
 
CHEN, H.S., and G.H. PERDEW (1994): 
Subunit composition of the heteromeric cytosolic aryl hydrocarbon receptor complex. 
J. Biol. Chem. 269,: 27554 – 27558. 
 
CHEN, Y.H., and R.H. TURKEY (1996): 
Protein kinase C modulates regulation of the CYP1A1 gene by the aryl hydrocarbon 
receptor. 
J. Biol. Chem. 271, 26261 – 26266. 
 
CHEN, I., A. MCDOUGAL, F. WANG, and S. SAFE (1998): 
The aryl hydrocarbon receptor-mediated antiestrogenic antitumorigenic activity of 
diindolylmethane. 
 
 
References 
 
67
 
Carcenogenesis 19, 1631 – 1639. 
CHRISTOU, M., I.M. KEITH, X. SHEN, M.E. SCHROEDER, and C.R. JEFCOATE (1993): 
Reversal of cytochrome P-4501A1 and P-450-EF expression in MCA-C3H/10T1/2 cell-
derived tumors as compared to cultured cells. 
Cancer Res. 53, 968 – 976. 
 
COOK, P.S., D.L. BUCHANAN, D.B. LUBAHN, and G.R. CUNHA (1998): 
Mechanism of estrogen Action: lessons from the estrogen reseptor-α knockout mouse. 
Biology of Reprod. 59, 470 – 475. 
 
DAVARINOS, N.A. and R.S. POLLENZ (1999): 
Aryl hydrocarbon receptor imported into the nucleus following ligand binding is rapidly 
degraded via the cytoplasmic proteasome following nuclear export. 
J. Biol. Chem. 274, 28708 – 28715. 
 
DAVIES, J., and L.H. Hoffman (1975): 
Studies on the progestational endometrium of the rabbit. II. Electron microscopy, day 0 to 
day 13 of gonadotrophin induced pseudopregnancy. 
Am. J. Anat. 142, 335 – 366. 
 
DENISON, M.S., and C.F. WILKINSON (1985): 
Identification of the Ah receptor in selected mammalian species and induction of aryl 
hydrocarbon hydroxylase. 
Eur. J. Biochem. 147, 429 – 435. 
 
DENISON, M.S., and E.F. YAO (1991): 
Characterization of the interaction of transformed rat hepatic cytosolic Ah receptor with a 
dioxin responsive transcriptional enhancer. 
Arch. Biochem. Biophys. 284, 158. 
 
DENISON, M.S., and J.P. WHILOCK (1995): 
Xenobiotics-inducible transcription of cytochrome P450 genes. 
J. Biol. Chem. 270, 18175 – 18178. 
 
DENISON, M.S., P.A. HARPER, and A.B. OKEY (1986): 
Ah receptor for 2,3,7,8-tetrachlorodibenzo-p-dioxin: Co-distribution of unoccupied receptor 
with cytosolic marker enzymes during fractionation of mouse liver, rat liver, and cultured 
hepa 1C1C7 cells. 
Eur. J. Biochem. 155, 223. 
 
DENISON, M.S., L.M. VELLA, and A.B. OKEY (1986): 
Structure and function of the Ah receptor for 2,3,7,8- tetrachlorodibenzo-p-dioxin: species 
difference in molecular properties of the receptors from mouse and rat hepatic cytosols. 
J. Biol. Chem. 61, 3987 – 3995. 
 
DENISON, M.S., A.B. OKEY, J.W. HAMILTON, S.E. BLOOM, and C.F. WILKINSON 
(1986):  
Ah receptor for 2,3,7,8-tetrachlorodibenzo-p-dioxin: ontogeny in chick embryo liver. 
J. Biochem. Toxicol. 1, 39 – 49. 
 
DENKER, H.-W. (1977): 
Implantation. The role of proteinases, and blockage of implantation by proteinase 
inhibitors 
Adv. Anat. Embryol. Cell Biol. 53, 5 – 123. 
 
 
 
References 
 
68
 
DÖHR, O., R. SINNING, C. VOGEL, P. MÜNZEL, and J. ABEL (1997): 
Effect of transforming growth factor-β1 on expression of Aryl hydrocarbon receptor and 
genes of Ah gene battery: clues for independent Down-regulation in A549 cells. 
Mol. Pharmacol. 51, 703 – 710. 
 
DOLWICK, K.M., H.I. SWANSON, and C.A. BRADFIELD (1993): 
In vitro analysis of Ah receptor domains involved in ligand-activated DNA recognition. 
Proc. Natl. Acad. Sci. USA. 90, 8566 – 8570. 
 
DOLWICK, K.M., J.V. SCHMIDT, L.A. CARVER, H.I. SWANSON, and C.A. BRADFIELD 
(1993): 
Cloning and expression of a human Ah receptor cDNA. 
 Mol. Pharmacol. 44, 911 – 917. 
 
EBNER, K., E. MASTSUMURA, E. ENA, and H. OLSEN (1993): 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) alters pancreatic membrane tyrosine 
phosphorylation following acute treatment. 
J. Biochem. Toxicol. 8, 71 – 81. 
 
ELFERINK, C. J., T.A. GASIEWICZ, and JP.JR. WHITLOCK (1990): 
Protein DNA interactions at a dioxin responsive enhancer: Evidence that the transformed 
Ah receptor is heteromeric. 
J. Biol. Chem. 265, 20708 – 20712. 
 
EMA, M., K. SOGAWA, Y. WATANABE, Y. CHUJOH, N. MATSUSHITA, O. GOTOH, Y. 
FUNAE, and Y. FUJII-KURIYAMA (1992): 
cDNA cloning and structure of mouse putative Ah receptor 
Biochem. Biophys. Res. Commun. 184, 246 – 253. 
 
ENAN, E., and F. MATSUMURA (1994): 
Evidence for a second pathway in the action mechanism of TCDD: significance of Ah 
receptor mediated activation of protein kinase under cell-free conditions. 
Biochem. Pharmacol. 49, 249 – 261. 
 
ENAN, E., and F. MATSUMURA (1994): 
Significance of TCDD-induced changes in protein phosphorylation in the adipocyte of 
male guinea pigs. 
J. Biochem. Toxicol. 9, 159 – 170. 
 
FAGAN, J.B., J.V. PASTEWKA, S.C. CHALBERG, E. GOZUKARA, F.P. GUENGERICH, 
and H.V. GELBOIN (1986): 
Non coordinate regulation of mRNAs encoding cytochromes P-450BNF/MC-B and P-
450ISF/BNF-G, Arch. 
Biochem. Biophys. 244, 261 – 272. 
 
FERNANDEZ-SALGUERO, P.M., T. PINEAU, D.M. HILBERT, T. MCPHAIL, S. LEE, S. 
KIMURA, D.W. NEBERT, S. RUDIKOFF, J.M. WARD, and F.J. GONZALEZ (1995): 
Immune system impairment and hepatic fibrosis in mice lacking the dioxin-binding Ah 
receptor. Science. 268, 722 – 726. 
 
FERNANDEZ-SALGUERO, P.M., J.M. WARD, J.P. SUNDBERG, and F.J. GONZALEZ 
(1997): 
Lesions of Aryl hydrocarbon receptor-deficient mice. 
Vet. Pathol. 34, 605 – 614. 
 
 
 
References 
 
69
 
FISCHER, B. (2000): 
Receptor-mediated effects of chlorinated hydrocarbons.. 
Andrologia. 32, 279 – 283. 
 
FISCHER, B. and A.SCHUMACHER (1991): 
Embryonic development and incidence of aneuploidy in two rabbit strains of different 
fecundity. 
J. Reprod. Fert. 92, 41 – 46. 
 
FISCHER, B., E. WINTERHAGER, L.C. BUSCH, and H.M. BEIER (1985): 
Die Pseudogravidität des Kaninchens als reprodukionsbiologisches Modell. 
Fertilität. 1, 101 – 109. 
 
FISCHER, B., E. WINTERHAGER and L.C. BUSCH (1986): 
Transformation of endometrium and fertility in late stages of pseudopregnancy in the 
rabbit. 
J. Reprod. Fert. 78, 529 – 540. 
 
FLAWS, J.A., R.J. SOMMER, E.K. SILBERGELD, R.E. PETERSON, and A-N. 
HIRSHFIELD (1997): 
In utero and location exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) induces 
genital dysmorphogenesis in the female rat. 
Toxicol. Appl. Pharmacol. 147, 351 – 362. 
 
FUJISAWA-SEHARA, A., M. YAMANE, and Y. FUJI-KURIJAMA (1988): 
A DNA-binding factor specific for xenobiotic responsive elements of P-450c gene exists as 
a cryptic form in cytoplasm: its possible translocation to nucleus. 
Proc. Natl. Acad. Sci. USA. 85, 5859 – 5863. 
 
GAIDO, K.W. S.C. MANESS, L.S. LEONARD, and W.F. GREENLEE (1992): 
2,3,7,8-Tetrachlorodibenzo-p-dioxin-dependent regulation of transforming growth factors-
α-β2 expression in a human keratinocyte cell line involves both transcriptional control. 
J. Biol. Chem. 267, 24591 – 24595. 
 
GALAND, P., F. LOEROY, and J. CHRETIEN (1971): 
Effect of oestradiol on cell proliferation and histological changes in the uterus and vagina 
of mice. 
J. Endocrinol. 49, 243 – 252. 
 
GASIEWICZ, T.A., and G. RUCCI (1984): 
Cytosolic receptor for 2,3,7,8-tetrachlorodibenzo-p-dioxin. Evidence for homologous 
nature among various mammalian species. 
Mol. Pharmacol. 26, 4936 – 98. 
 
GILLNER, M., J. BERGMAN, C. CAMBILLAU, B. FERNSTROM, and J.A. GUSTAFSSON 
(1985): 
Interactions of indoles with specific binding sites for 2,3,7,8-tetrachlorodibenzo-p-dioxin in 
rat liver. 
Mol. Pharmacol.  28, 357 – 363. 
 
GONZALEZ, F.J., and D.W. NEBERT (1985): 
Autoregulation plus upstream positive and negative control regions associated with 
transcriptional activation of the mouse cytochrome P1-450 gene. 
Nucl. Acids Res. 13, 7269 – 7288. 
 
 
 
References 
 
70
 
GRAY, L.E., and J.S. OSTBY (1995): 
In utero 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) alters reproductive morphology and 
function in female rat offspring. 
Toxicol. Appl. Pharmacol. 133, 285 – 294. 
 
GUDAS, J.M., S.O. KARENLAMPI, and O. HANKINSON (1986): 
Intracellular location of the Ah receptor. 
J. cell Physiol. 128, 441- 448. 
 
HAHN, M.E. (1998): 
The aryl hydrocarbon receptor: a comparative perspective. 
Comparative Biochem. Physiol. Part C 121, 23 – 53. 
 
HAHN, M.E., A. POLAND, E. GLOVER, and J.J. STEGEMAN (1992): 
The Ah receptor in marine animals: phylogenetic distribution and relationship to P450 1A 
inducibility. 
Mar. Environ. Res. 34, 87 – 92. 
 
HAHN, M.E., S.I. KARCHNER, M.A. SHAPIRO, and S.A. PERERA (1997): 
Molecular evolution of two vertebrate aryl hydrocarbon (dioxin) receptors (AHR1 and 
AHR2) and the PAS family. 
Proc. Natl. Acad. Sci. USA 94, 13743 – 13748. 
 
HANKINSON, O. (1995): 
The aryl hydrocarbon  receptor complex. 
Annu. Rev. Pharmacol. Toxicol. 35, 307 – 340. 
 
HANNAH, R.R., D.W. NEBERT, and H.J. EISEN (1981): 
Regulatory gene product of the Ah complex. Comparison of 2,3,7,8-tetrachlorodibenzo-p-
dioxin and 3-methylchlanthrene binding to several moieties in mouse liver cytosol. 
J. Biol. Chem. 256, 4584 – 4590 . 
 
HARRIS, M., T. ZACHAREWISKI, J. PISKORSKA-PLISZCZYNSKA, R. ROSENGREN, 
and S. SAFE (1990a): 
Structure-dependent induction of aryl hydrocarbon hydroxylase activity in C57BL/6 mice 
by 2,3,7,8-tetrachlorodibenzo-p-dioxin and related congeners: mechanistic studies. 
Toxicol. Appl. Pharmacol. 105, 243 – 253 
 
HASAN, A., and B. FISCHER (2001): 
Hormonal control of aryl hydrocarbon receptor (AhR) expression in the preimplantation 
rabbit uterus. 
Anat. Embryol. 204, 189 – 196. 
 
HEATH-PAGLIUSO, W.J. ROGERS, K. TULLIS, S.D. SEIDEL, P.H. CENIJN, A. 
BROUWER, and M.S. DENISON (1998): 
Activation of the Ah receptor by tryptophan and tryptophan metabolites. 
Biochem. 37, 11508 – 11515. 
 
HELFERICH, W.G., and M.S. DENISON (1991): 
Ultraviolet photoproducts of tryptophan can act as dioxin agonists. 
Mol. Pharmacol. 40, 674 – 678. 
 
 
 
 
 
 
References 
 
71
 
HEMPEL, J., K. HARPER, and R. LINDAHL (1989): 
Inducible (class 3) aldehyde dehydrogenase from rat hepatocellular carcinoma and 
2,3,7,8-tetrachlorodibenzo-p-dioxin-treated liver: distant relationship to the class 1 and 2 
enzymes from mammalian liver cytosol/mitochondria. 
Biochemistry 28, 1160 – 1167 
 
HINES, R.N., J.M. MATHIS, and C.S. JACOB (1988): 
Identification of multiple regulatory elements on the human cytochrome P4501A1 gene. 
Carcinogenesis 9, 1599 – 1605 . 
 
HOFFMAN, E.C., H. REYES, F-F. CHU, F. SANDER, L.H. CONLEY, B.A. BROOKS, and 
O. HANKINSON (1991): 
Cloning of a factor required for activity of the Ah (dioxin) receptor. 
Science 252. 954 – 958. 
 
HUANG, Z.J., J.I. EDERY, and M. ROBASH (1993): 
PAS is a dimerization domain common to Drosophila Period and several transcription 
factors. 
Nature 364, 259 – 262. 
 
HUSHKA, L.J., and W.F. GREENLEE (1995): 
2,3,7,8-tetrachlorodibenzo-p-dioxin inhibits DNA synthesis in rat primary hepatocytes. 
Mutat. Res. 333, 89 –99. 
 
HUSHKA, L.J., J.S. WILLIAMS, and W.F. GREENLEE (1998): 
Characterization of 2,3,7,8-tetrachlorodibenzo-p-dioxin. 
Toxicol. Appl. Pharmacol. 152, 200 –210. 
 
IKEYA, K., A.K. JAISWAL, R.A. OWENS, J.E. JONES, D.W. NEBERT, and S. KIMURA 
(1989): 
Human CYP1A2. Sequence, gene structure comparison with the mouse and rat 
orthologous gene, and differences in liver 1A2 mRNA expression. 
Mol. Endocrinol. 3, 1399 – 1408. 
 
JOHNSON, L., R. DICKERSON, S. SAFE, C.L. NYBERG, R.P. LEWIS, and T.H. WELSH 
(1992): 
Reduced leyding cell volume and function in adult rats exposed to 2,3,7,8-
tetrachlorodibenzo-p-dioxin without a significant effect on spermatogenesis. 
Toxicology 76, 103 –118. 
 
JOHNSON, L., C.E. WILKER, S. SAFE, B. SCOTT, D.D. DEAN, and P.H. WHITE (1994): 
2,3,7,8-tetrachlorodibenzo-p-dioxin reduces the number, size, and organelle content of 
leyding cells in adult rat testes. 
Toxicology 89, 49 – 65.  
 
KAZLAUSKAS, A. L. POELLINGER, and I. PONGRATZ (1999): 
Evidence that the co-chaperon P23 regulates ligand responsiveness of the dioxin (aryl 
hydrocarbon) receptor. 
J. Biol. Chem. 274, 13519 – 13524. 
 
KHARAT, I., and F. SAATCIOGLUS (1996): 
Antiestrogenic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin are mediated by direct 
transcriptional interference with the liganded estrogen receptor. 
J. Biological Chem. 3, 10533 – 10537. 
 
 
 
References 
 
72
 
KHOLKUTE, S.D., J. RODRIGUEZ, and W.R. DUKELOW (1994a): 
Effects of polychlorinated biphenyls (PCBs) on in vitro fertilization in the mouse.  
Reprod. Toxicol. 8, 69 – 73. 
 
KHOLKUTE, S.D., J. RODRIGUEZ, and W.R. DUKELOW (1994b): 
Reproductive toxicity of aroclor-1254: effects on oocyte, spermatozoa, in vitro fertilization, 
and embryo development of cultured preimplantation rabbit embryo. 
Reprod. Toxicol. 8, 487 – 493. 
 
KLEEMAN, J.M., R.W. MOORE, and R.E. PETERSON (1990): 
Inhibition of testicular steroidogenesis in 2,3,7,8-tetrachlorodibenzo-p-dioxin-treated rats: 
evidence that the key lesion occurs prior to or during pregnenolone formation. 
Toxicol. Appl. Pharmacol. 106, 112 – 125. 
 
KLINGE, C.M., J.L. BOWERS, P.C. KULAKOSKY, K.K. KAMBOJ, and H.I. SWANSON 
(1999): 
The aryl hydrocarbon receptor (AHR)/AHR nuclear translocator (ARNT) heterodimer 
interacts with naturally occurring estrogen response elements. 
Mol. Cell. Endocrinol. 157, 105 – 119. 
 
KOZAK, K.R., B. ABBOTT, and O. HANKINSON (1997): 
ARNT-deficient mice and placental differentiation. 
Dev. Biol. 191, 297 – 305. 
 
KÜCHENHOFF, A., R. EKARD, K. BUFF, and B. FISCHER (1999a): 
Stage-specific effects of defined mixtures of polychlorinated biphenyls on in vitro 
development of rabbit preimplantation embryos. 
Mol. Reprod. Dev. 45, 126 – 134. 
 
KÜCHENHOFF, A., G. SELIGER, T. KLONISCH, G. TSCHENSCHILSUREN, P. 
KALTWASSER, E. SELIGER, J. BUCHMANN, and B. FISCHER (1999b):  
Aryl hydrocarbon receptor expression in the human endometrium. 
Fertil. Steril. 71, 354 – 360. 
 
KUPFER, D., C. MANI, C.A. LEE, and A.B. RIFKIND (1994): 
Induction of tamoxifen-4-hydroxylation by 2,3,7,8-tetrachlorodibeno-p-dioxin (TCDD), 
β,naphthoflavone (βNF), and Phenobarbital (PB) in avian liver: identification of P450 
TCDDAA as catalyst of 4-hydroxylation induced by TCDD and βNF. 
Cancer Res. 54, 3140 – 3144. 
 
LEE, S.S., H.G.Jeong and K.H. YANG (1998): 
Effects of estradiol and progesterone on cytochrome P4501A1 expression in Hepa 1C1C7 
cells. 
Biochem. Mol. Biol. International 45, 775 – 781. 
 
LI, W., S. DONAT, O. DOHR, K. UNFRIED, and J. ABEL (1994): 
Ah receptor in different tissues of C57BL/6J and DBA/2J mice: Use of competitive 
polymerase chain reaction to measure Ah-receptor mRNA expression. 
Arch. Biochem. Biophys. 315, 279 – 284. 
 
 
 
 
 
 
 
 
References 
 
73
 
LIN, F.H., S.J. STOHS, L.S. BIRNBAUM, G. CLARK, G.W. LUCIER, and J.A. 
GOLDSTEIN (1991): 
The effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on the hepatic estrogen and 
glucocorticoid receptors in congenic strains of Ah responsive and Ah non responsive 
C57BL/6J mice. 
Toxicol. Appl. Pharmacol. 108, 129 – 139. 
 
LINDENAU, A., and B. FISCHER (1996): 
Embryotoxicity of polychlorinated biphenyls (PCBs) for preimplantation embryos. 
Reprod. Toxicol. 10, 227 – 230. 
 
LITTLEWOOD, T.D., and G.L. EVAN (1994): 
Transcription factor 2: helix-loop-helix. 
Protein Profile  1,  639 – 709 . 
 
LOGEA, F., M. LE CUNFF, M. RAUCH, S. BRAILLY, and E. MILGROM (1987): 
Characterization of a casein kinase which interacts with rabbit progesterone receptor. 
Eur. J. Biochem. 170, 51 – 57. 
 
MA, Q., and JP.JR. WHITLOCK (1996): 
The aromatic hydrocarbon receptor modulates the Hepa1C1C7 cell cycle and 
differentiated state independently of dioxin. 
Mol. Cell Biol. 16, 2144 – 2150. 
 
MA, Q., and JP.JR. WHITLOCK (1997): 
A novel cytoplasmic protein interacts with the Ah receptor, contains tetratricopeptide 
repeat motifs, and augments the transcriptional response to 2, 3, 7, 8-tetrachlorodibenzo-
p-dioxin. 
J. Biol. Chem. 272, 8878 – 8884. 
 
MAHON, M.J., and T.A. GASIEWICZ (1995): 
Ah receptor phosphorylation: localization of phosphorylation sites to the C-terminal half of 
the protein. 
Arch. Biochem. Biophys. 318, 166 – 174. 
 
MALTEPE, E., J.V. SCHMIDT, D. BAUNUCH, C.A. BRADFIELD and M.C. SIMON (1997): 
Abnormal angiogenesis and response to glucose and oxygen deprivation in mice lacking 
the protein ARNT.  
Nature 386, 403 – 407. 
 
MASSAGUE, J. (1990): 
The transforming growth factor-β family. 
Annu. Rev. cell Biol. 6, 597 – 641. 
 
McDOUGAL, A., C. WILSON, and S. SAFE (1997): 
Inhibition of 7,12-dimethylbenz[α]anthracene-induced rat mammary tumor growth by aryl 
hydrocarbon receptor agonists. 
Cancer Lett. 120, 53 – 63. 
 
MERCHANT, M., V. MORRISON, M., SANTOSTEFANO, and S. SAFE (1992): 
Mechanism of action of aryl hydrocarbon receptor antagonists: inhibition of 2,3,7,8-
tertrachlorodibenzo-p-dioxin-induced CYP1A1 gene expression. 
Arch. Biochem. Biophys. 298, 389 – 394. 
 
 
 
References 
 
74
 
MEYR, B.K., M.G. PRAY-GRANT, J.P. VANDEN HEUVEL, and G.H. PERDEW (1998): 
Hepatitis B virus X-associated protein 2 is a subunit of the unliganded aryl hydrocarbon 
receptor core complex and exhibits transcriptional enhancer activity. 
Mol. Cell Biol. 18, 978 – 988. 
 
MIGLIACCIO, A., M. PAGANO, and F. AURICCHIO (1993): 
Immediate and transiet stimulation of protein tyrosine phosphorylation by estradiol in 
MCF-7 cells. 
Oncogene 8, 2183 – 2191. 
 
MOORE, R.W., POTTER, C.L., THEOBALD, H.M., ROBINSON, J.A., PETERSON, R.E. 
(1985): 
Androgenic deficiency in male rats treated with 2,3,7,8-tetrachlorodibenzo-p-dioxin, 
Toxicol. Appl. Pharmacol. 79, 99 – 111. 
 
MÜNZEL, P.A., M. BRÜCK, K.W. BOCK, I.S. OWENS, and J.K. RITTER (1994): 
Transcriptional regulation of the human phenol UDP-glucuronosly transferase (UGT1*6) 
gene in the A549 lung carcinoma cell line. 
Naunyn-Schmiedeberg’s Arch. Pharmacol.  349, R103. 
 
MUNSEL, M. (1980): 
Morphologische, histochemische und endocrinologische untersuchungen des 
puerperiums bei weißen Neuseeländer- und Angora- Kaninchen. 
Diss. Agr. Fak. D. Georg- August Universität Göttingen 
 
NAMBU, J.R., J.O. LEWIS, K.A. WHARTON, and S.T. CREWS (1991): 
The drosophila single-minded gene encodes a helix-loop-helix protein that acts as a 
master regulator of CNS midline development. 
Cell 67, 1157 – 1167. 
 
NEBERT, D.W., A.L. ROE, M.Z. DIETER, W.A. SOLIS, Y. YANG, and T.P. DALTON 
(2000): 
Role of the aromatic hydrocarbon receptor and [Ah] gene battery in the oxidative stress 
response, cell cycle control and apoptosis. 
Biochem. Pharmacol. 59, 65 – 85.  
 
NEUHOLD, L.A., Y. SHIRAYOSHI, K. OZATO, J.E. JONES, and D.W. NEBERT (1989): 
Regulation of mouse CYP1A1 gene expression by dioxin: requirement of two cis-acting 
elements during induction. 
Mol. Cell. Biol. 9, 2378 – 2386. 
 
OKEY, A.B., G.P. BONDY, M.E. MASON, D.W. NEBERT, C.J. FORSTER-GIBSON, and 
M.J. DUFRESNE (1980): 
Temperature-dependent cytosol-to nucleus translocation of the Ah receptor for 2,3,7,8- 
tetrachlorodibenzo-p-dioxin in continuous cell culture. 
J. Biol. Chem. 255, 11415. 
 
OKEY, A.B., L.M. VELLA, and P.A. HARPER (1989): 
Detection and characterization of a low affinity form of cytosolic Ah receptor in livers of 
mice nonresponsive to induction of cytochrome P1-450 by 3-methylcholanthrene. 
Mol. Pharmacol. 35, 823 – 830. 
 
OKEY, A.B., D.S. RIDDICK, and P.A. HARPER (1994): 
Molecular biology of the aromatic hydrocabon (dioxin) receptor. 
Tips 15, 226 – 232.  
 
 
References 
 
75
 
OSBORNE, R., and W.F. GREENLEE (1985): 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) enhances terminal differentiation of cultured 
human epidermal cells. 
Toxicol. Appl. Pharmacol. 77, 434 –443. 
 
PARKINSON,A. (1996): 
Biotransformation of xenobiotics. 
In:Cassarett & Doull’s Toxicology: The Basic Scince of Poisons, Klassen, C.D: Ed, 
McGraw-Hill, New York 113. 
 
PENDURITHI, U.R., S.T. OKINO, and R.H. TUKEY (1993): 
Accumulation of the nuclear dioxin (Ah) receptor and transcriptional activation of the 
mouse CYP1a-2 genes. 
Arch. Biochem. Biophys. 306, 65 – 69. 
 
PERDEW, G.H. (1992): 
Chemical cross-linking of the cytosolic and nuclear forms of the Ah receptor in the 
hepatoma cell line 1c1c7. 
Biochem. Biophys. Res. Commun. 182, 55 – 62. 
 
PERDEW, G.H., and C.F. BABBS (1992): 
Production of Ah receptor ligands in rat fecal suspensions containing tryptophan or indole-
3-carbinol. 
Nutr. Cancer 16, 209 – 218. 
 
PETERS, J.M., WILEY, L.M. (1995): 
Evidence that murine preimplantation embryos express aryl hydrocarbon receptor. 
Toxicol. Appl. Pharmacol. 134, 214 – 221. 
 
PHELAN, D., G.M. WINTER, W.J. ROGERS, J.C. LAM, and M.S. DENISON (1998): 
Activation of the Ah receptor signal transduction pathway by bilirubin and biliverdin. 
Arch. Biochem. Biophys. 357, 155 – 163. 
 
PIMENTAL, R.A., B. LIANG, G.K. YEE, A. WILHELMSSON, L. POELLINGER, and K.E. 
PAULSON (1993): 
Dioxin receptor and C/EBP regulate the function of the glutathion S-transferase Ya gene 
xenobiotic response element. 
Mol. Cell. Biol. 13, 4365 – 4373. 
 
POCAR, P., R. AUGUSTIN, A. HASAN, B. FISCHER (2000):  
Immunolocalisation of arylhydrocarbon receptor (AhR) and ARNT in the female 
reproductive tract in cattle throughout the oestrus cycle.  
Joint Winter Meeting der Society for the Study of Fertility/Vereniging voor Fertiliteitsstudie, 
Utrecht (NL), 15. – 16. Dezember 2000; J.Reprod.Fert., Abstract Series No. 26, Abstract 
14, 8-9 
 
POLAND, A. and E. GLOVER (1987): 
The murine Ah locus: a new allel and mapping to chromosome 12. 
Mol. Pharmacol. 32, 471 – 478. 
 
POLAND, A., and E. GLOVER (1990): 
Characterization and strain distribution pattern of the murine Ah receptor specified by the 
Ahd and Ahb-3 alleles. 
Mol. Pharmacol. 38, 306 – 312. 
 
 
 
References 
 
76
 
POLAND, A. , and J.C. KNUTSON (1982): 
2,3,7,8-tetrachlorodibenzo-p-dioxin and related halogenated aromatic hydrocarbons: 
examination of the mechanism of toxicity. 
Annu. Rev. Pharmacol. Toxicol. 22, 517 – 554. 
 
POLAND, A., E. GLOVER, and A.S. KENDE (1976): 
Stereospesific, high affinity binding of 2,3,7,8-tetrachlorodibenzo-P-dioxin by hepatic 
cytosol. 
J. Biol. Chem. 251, 4936 – 4946.  
 
POLAND, A., D. PALEN, and E. GLOVER (1991): 
Analysis of the four alleles of the murine aryl hydrocarbon receptor. 
Mol. Pharmacol. 46, 915 – 921. 
 
POLLENZ, R.S. (1996): 
The aryl hydrocarbon receptor, but not the aryl hydrocarbon receptor nuclear translocator 
protein, is rapidly depleted in hepatic and non hepatic culture cells exposed to 2,3,7,8-
tetrachlorodibenzo-p-dioxin. 
Mol. Pharmacol. 49, 391 – 398. 
 
POLLENZ, R.S., C.A. SATTLER, and A. POLAND (1994): 
The aryl hydrocarbon receptor and aryl hydrocarbon receptor nuclear translocator protein 
show distinct subcellular localizations in Hepa 1c1c7 cells by immunofluorescence 
microscopy. 
Mol. Pharmacol. 45, 428 – 438. 
 
POTTENGER, L.H., and C.R. JEFCOATE (1990): 
Characterization of a novel cytochrome P450 from C3H/10T1/2. 
Carcinogenesis 11, 321 – 327. 
 
POTTENGER, L.H, M. CHRISTOU, and C.R. JEFCOATE (1991): 
Purification and immunological characterization of a novel cytochrome P450 from 
C3H/10T1/2 cells. 
Arch. Biochem. Biophys. 286, 488 – 497. 
 
PROKIPACK, R.D., and A.B. OKEY (1988): 
Physicochemical characterization of the nuclear form of Ah receptor from mouse 
hepatoma cells exposed in culture to 2,3,7,8-tetrachlorodibenzo-p-dioxin. 
Arch. Biochem. Biophys. 267, 811 – 828. 
 
PROKIPACK, R.D. and A.B. OKEY (1990): 
Nuclear Ah receptor from mouse hepatoma cells: effect of partial proteolysis on relative 
molecular mass and DNA-binding properties. 
Arch. Biochem. Biophys. 283, 476 – 483 . 
 
PUGA, A., D.W. NEBERT, and F. CARRIER (1992): 
Dioxin induces expression of c-fos and c-jun proto-oncogenes and a large increase in 
transcription factor AP-1. 
DNA Cell Biol. 11, 269 – 281. 
 
QUATTROCHI, L.C., and R.H. TUKEY (1989): 
The human cytochrome CYP1A2 gene contains regulatory elements responsive to 3-
methylchlorantherene. 
Mol. Pharmacol. 36, 66 – 71. 
 
 
 
References 
 
77
 
REISZ-PORSZASZ, S., M.R. PROBST, B.N. FUKUNAGA, and O. HANKINSON (1994): 
Identification of functional domains of the aryl hydrocarbon receptor nuclear translocator 
protein (ARNT). 
Mol. Cell. Biol. 14, 6057 – 6086. 
 
REYES, H., S. REIZ-PORSZASZ, and O. HANKINSON (1992): 
Identification of the Ah receptor nuclear translocator protein (ARNT) as a component of 
the DNA binding form of the Ah receptor. 
Sci. 256, 1193 – 1195. 
 
ROMAN, B.L., R.S. POLLENZ, and R.E. PETERSON (1998): 
Responsiveness of the adult male rat reproductive tract to 2,3,7,8-tetrachlorodibenzo-p-
dioxin exposure: Ah receptor and ARNT expression, CYP1A1 induction, and Ah-receptor 
down regulation. 
Toxicol. Appl. Pharmacol. 150, 228 – 239. 
 
ROMKES, M. and S. SAFE (1988): 
Comparative activities of 2,3,7,8-tetrachlorodibenzo-p-dioxin and progesterone on 
antiestrogens in the female rat uterus. 
Toxicol. Appl. Pharmacol. 92, 368 – 380. 
 
RUNE, G.M., PH. DE SOUZA, R. KROWKW, H.J. MERKER, D. NEUBERT (1991): 
Morphological and histological pattern of response in rat testes after administration of 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). 
Histol. Histopathol. 6, 459 – 467. 
 
RUSHMORE, T.H., and C.B. PICKETT (1993): 
Glutathione S-transferases, structure, regulation, and therapeutic implications. 
J. Biol. Chem. 268, 11475 – 11478. 
 
SADEK, C.M., and B.L. ALLEN-HOFFMAN (1994): 
Suspension-mediated induction of hepa1C1C7 CYP1A1 expression is dependent on the 
Ah receptor signal transduction pathway. 
J. Biol. Chem. 269, 31505 – 31509. 
 
SAFE, S. (1990): 
Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs) 
and related compounds: environmental and mechanistic considerations which support the 
development of toxic equivalency factors (TEFs). 
Crit. Rev. Toxicol. 21, 51 – 88. 
 
SAFE, S. (1994): 
Polychlorinated biphenyls (PCBs): environmental impact, biochemical and toxic 
responses, and implications for risk assessment. 
Crit Rev. Toxicol. 24, 87 – 149. 
 
SAFE, S. (1995): 
Modulation of gene expression and endocrine response pathway by 2,3,7,8-
tetrachlorodibenzo-p-dioxin and related compounds. 
Pharmacol. Therap. 67, 228 – 239. 
 
 
 
 
 
 
 
References 
 
78
 
SAFE, S., B. ASTROFF, M. HARRIS, T. ZACHAREWISKI, R. DICKERSON, M. 
ROMKES, and L.  BIEGEL (1991): 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds: Charecterization and 
mechanism of action. 
Pharmacol. Toxicol. 69, 400 –409. 
 
SAVAS, Ü., K.K. BHATTACHARYYA, M. CHRISTOU, D.L. ALEXANDER, and C.R. 
JEFCOATE (1994): 
Mouse cytochrome P-450EF, representative of a new IB superfamily of cytochrome 
P450s. 
J. Biol. Chem. 269, 14905 – 14911. 
 
SEIDEL, S.D., G.M. WINTERS, W.J. ROGERS, M.H. ZICCARDI, V. LI, B. KESER, and 
M.S. DENISON (2001): 
Activation of the Ah receptor signaling pathway by prostaglandins. 
J. Biochem. Mol. Toxicol. 15, 187 – 196.  
 
SEILER, P., B. FISCHER, A. LINDENAU, and H.M. BEIER (1994): 
Effects of persistent chlorinated hydrocarbons on fertility and embryonic development in 
the rabbit. 
Human Reprod. 9, 1920 –19263. 
 
SEMENZA, G.L., P.H. ROTH, H.H. FANG, and G.L. WANG (1995): 
Transcriptional regulation of genes encoding glycolytic enzymes by hypoxia-inducible 
factor 1. 
J. Biol. Chem. 269, 23757.  
 
SHEN, Z., R.L. WELLS, J. LIU, and M.M. ELKIND (1993): 
Identification of a cytochrome P450 gene by reverse transcription-PCR using degenerate 
primers containing inosine. 
Proc. Natl. Acad. Sci. USA 90, 11483 – 11487. 
 
SHEN, Z., J. LIU, R.L.  WELLS, and M.M. ELKIND (1994)  
cDNA cloning, sequence analysis, and induction by arylhhdrocarbons of a murine 
cytochrome P450 gene, CYP1b1. 
DNA Cell Biol. 13,  763 – 769. 
 
SILVER, G., and K.S. KRAUTER (1988): 
Expression of cytochromes P-450c and P-450d mRNAs in cultured rat hepatocytes. 3- 
Methylcholantherene induction is regulated primarily at the post-transcriptional level. 
J. Biol. Chem.  263, 11802 – 11807. 
 
SOGAWA, K., A. FUJISAWA-SEHARA, M. YAMANE, and Y. FUJI-KURIYAMA (1986): 
Location of regulatory elements responsible for drug induction in rat cytochrome P-450c 
gene. 
Proc. Natl. Acad. Sci. USA 83, 8044 – 8048. 
 
SUTTER, T.R., K. GUZMAN, K.M. DOLD, and W.F. GREENLEE (1991): 
Targets for dioxin: genes for plasminogen activator inhibitor-2 and interlukin-1β. 
Sci. 254, 415 – 418. 
 
 
 
 
 
 
 
References 
 
79
 
SUTTER, T.R., Y.M. TANG, C.L. HAYES, Y-Y.P. WO, E.W. JABS, X. LI, H. YIN, C.W. 
CODY, and W.F. GREENLEE (1994): 
Complete cDNA sequence of a human dioxin-inducible mRNA identifies a new gene 
subfamily of cytochrome P450 that maps to chromosome 2. 
J. Biol. Chem. 269, 13092 – 13099. 
 
SWANSON, H.I., and C.A. BRADFIELD (1993): 
The Ah-receptor: genetics, structure and function. 
Pharmacogenetics 3, 213 – 230.  
 
SWANSON, H.I., and G.H. PERDEW (1993): 
Half life of aryl hydrocarbon receptor in Hepa-1 cells: evidence for ligand-dependent 
alterations in cytosolic receptor levels. 
Arch. Biochem. Biophys. 302, 167 – 174. 
 
SWANSON, H.I., W.K. CHAN, and C.A. BRADFIELD (1995): 
DNA binding specificities and pairing rules of the Ah receptor, ARNT, and SIM proteins. 
J. Biol. Chem. 270, 26292.  
 
TAKAHASHI, Y., K. NAKAYAMA, T. SHIMOJIMA, S. ITOH, and T. KAMATAKI (1996): 
Expression of aryl hydrocarbon receptor (AhR) and aryl hydrocarbon receptor nuclear 
translocator (ARNT) in adult rabbits known to be non-responsive to cytochrome P-450 
1A1 (CYP1A1) inducers. 
Eur. J. Biochem. 242, 512 – 518. 
 
TAKIMOTO, K., R. LINDAHL, and H. PITTOT (1992): 
Regulation of 2,3,7,8-tetrachlorodibenzo-p-dioxin-inducible expression of aldehyde 
dehydrogenase in hepatoma cells. 
Arch. Biochem. Biophys. 298, 492 – 497 . 
 
TAKIMOTO, K., R. LINDAHL, T.J. DUNN, and H. PITTOT (1994): 
Structure of the 5´flanking region of class 3 aldehyde dehydrogenasein the rat. 
Arch. Biochem. Biophys. 312, 539 – 546  . 
 
TESARIK, J., J. MOOS, and C. MENDOSA (1993): 
Stimulation of protein tyrosine phosphorylation by a progesterone receptor on the cell 
surface of human sperm.  
Endocrinology 133, 328 – 335. 
 
TSCHEUSCHILSUREN, G.,  A. KÜCHENHOFF, T. KLONISCH, F. TETENS, and B. 
FISCHER (1999a): 
Induction of aryl hydrocarbon receptor (AhR) expression in embryoblast cells of rabbit 
implantation blastocysts upon degeneration of Rauber´s polar trophoblast.  
Toxicol. Appl. Pharmacol. 157, 125 – 133. 
 
TSCHEUSCHILSUREN, G., S. HOMBACH-KLONISCH, A. KÜCHENHOFF, B. FISCHER 
and T. KLONISCH (1999b): 
Expression of the aryl hydrocarbon receptor and the aryl hydrocarbon nuclear translocator 
during early gestation in the rabbit uterus. 
Toxicol. Appl Pharmacol. 160, 231 – 237. 
 
TURKEY, R.H., R.R. HANNAH, M. NEGISHI, D.W. NEBERT, and H.J. EISEN (1982): 
The Ah locus: correlation of intranuclear appearance of inducer-receptor complex with 
induction of cytochrome P-450 mRNA. 
Cell  31, 275 – 284. 
 
 
References 
 
80
 
VAZIRI, C., A. SCHNEIDER, D.H. SHERR, and D.V. FALLER (1996): 
Expression of the aryl hydrocarbon receptor is regulated by serum and mitogenic growth 
factors in murine 3T3 fibroblasts. 
J. Biol. Chem. 27, 25921 – 25927. 
 
WALKER, M.K., R.S. POLLENZ, and S.M. SMITH (1997): 
Expression of the aryl hydrocarbon receptor (AhR) and AhR nuclear translocator during 
chick cardiogenesis is consistent with 2,3,7,8-tetrachlorodibenzo-p-dioxin induced heart 
defects. 
Toxicol. Appl. Pharmacol. 143, 407 – 419. 
 
WANG, G.L., and G.L. SEMENZA (1995): 
Purification and characterization of hypoxia-inducible factor 1. 
J. Biol. Chem. 270, 1230 – 1237 .  
 
WANG, G.L., B.H. JIANG, E. A. RUE, G.L. SEMENZA (1995): 
Hypoxia inducible factor1 is a basic-helix-loop-helix-pas heterodimer regulated cellular O2 
tension, Proc. Natl. Acad. Sci. USA. 92, 5510 – 5514. 
 
WEISS, C., S.K. KOLLURI, F. KIEFER, and M. GÖTTLICHER (1996): 
Complementation of Ah receptor deficiency in hepatoma cells: negative feedback 
regulation and cell cycle control by the Ah receptor. 
Exper. Cell Res. 226, 154 – 163. 
 
WHITELAW, M., M. GÖTTLICHER, J.A. GUSTAFSSON, L. POELLINGER (1993): 
Definition of a novel ligand binding domain of a nuclear bHLH receptor: Co-localization of 
ligand and hsp90 binding of the dioxin receptor. 
EMBO J 12, 4169 – 4179. 
 
WHITELAW, M., I. PONGRATZ, A. WILHELMSSON, J.A. GUSTAFSSON, and L. 
POELLINGER (1993): 
Ligand-dependent recruitment of the ARNT co-regulator determines DNA recognition by 
the dioxin receptor. 
Mol. Cell. Biol. 13, 2504-2514. 
 
WHITLOCK, J.P. (1993): 
Mechanistic of dioxin action. 
Chem. Res. Toxicol.  6, 754 – 763. 
 
WHITLOCK, J.P. (1999): 
Induction of cytochrome P4501A1. 
Annu. Rev. Toxocol. 39, 103 – 125. 
 
WILHELMSSON, A., S. CUTHILL, M. DENIS, A.C. WIKSTRÖM, J.A. GUSTAFSSON, and 
L. POELLINGER (1990): 
The specific DNA binding activity of the dioxin receptor is modulated by the 90 KDa heat 
shock protein. 
EMBO J. 9, 69 – 76 . 
 
WILSON, C.L., and S. SAFE (1998): 
Mechanisms of ligand-induced aryl hydrocarbon receptor-mediated biochemical and toxic 
responses. 
Toxicol. Path. 26, 657 – 671. 
 
 
 
 
References 
 
81
 
WORMKE, M., E. CASTRO-RIVERA, I. CHEN, and S. SAFE (2000): 
Estrogen and aryl hydrocarbon receptor expression and crosstalk in human ishikawa 
endometrial cancer cells. 
J. Steroid Chem. Mol. Biol. 72, 197 – 207. 
 
ZACHAREWSKI, T., M. HARRIS, S. SAFE (1989): 
Induction of cytochrome P-450-dependent monooxygenase activities in rat hepatoma H-
4IIE cells in culture by 2,3,7,8-tetrachlorodibenzo-p-dioxin and related compounds: 
mechanistic studies using radiolabelled congeners. 
Arch. Biochem. Biophys. 272, 344 – 355. 
 
 
 
 
 
 
 
 
 
ACKNOWLEDGMENTS 
 
 
Praise to Allah, who gave me ability to finish this research work. 
 
Heartily I want to express my sincere appreciation to Prof. Dr. Dr. Bernd Fischer, my 
supervisor, for suggesting the subject and supervising the work. His unfailing interest, 
helpful advice, continuous encouragement, guidance and criticism have made the 
completion of this work possible. 
 
I would like to express my gratitude and best thanks to Prof. Dr. Axel Sobiraj for his 
support  and supervision at the Faculty of Veterinary Medicine, Leipzig university. 
 
I am also appreciated to my colleagues in  our group for their continuous unfailing help. 
 
Finally many thanks to the Government of Egypt for the financial support during the  
scholarship. 
 
 
 
 
 
 
